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The poliaes set out in this document are intended solely as guidanq they are not final US. 
Environmental Protection Agency (EPA) aaions. These policies are not intended. nor can they be relied 
upon. to create any rights enforceable by any party in litigation with the United States. EPA officials may 
decide to follow the pidance provided in this document, or to a a  at  variance with the guidance. based on an 
analysis of specific site circumstances. The Agency also reserves the right to change this guidance at any time 
without public notice. 

This @dance is based on policies in the Final Rule of the National Oil and Hazardous Substances 
Pollution Contingency Plan (NCP), which was published on March 8. 1990 (55 Federd Reg~zer 8666). The 
NCP should be considered the authoritative source. 

.. 

-11- 

I 

I 



CQNT93NTS . 1 

NOTICE ...................................................................... ii 

'EXHIBITS ................................................-......--............ vi 

DEFINITIONS .................................................................. Vii 

ACRO NYMSlAB B REVIATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . ix 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PREFACE . . . . . . . . - - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x i i  

1.0 1INTRODUCIION ............_........................-................... 1 

DEFINITION OF PRELIMINARY REMEDIATION GOALS . . . . . . . . . . . . . . . . . . 1 1.1 

1.2 SCOPEOFPARTB . . . ._ .  . _ _ . .  . . . . . . . .___... . . . . . . . . . . . . . . . . . . . . . . ._. 1 

13 RELEVANT ST'ANTES. REGULATIONS, AND GUIDANCE . . . . . . . : . . . . . . . . 3 

13.1 C E R C W A R A  .................................................. 3 
1-32 National Contingency Plan . . . . . . . . - .  . . . . . . . . . . . . . . . . . . -. - .  . . . . . . . . . 3 
133 Guidance Documents . . . . . . - .  . . . . . . . . . . . . . . . . . . . . . . . . - .  . . . . . . . - .  . . -3 

INITIAL DEVELOPMENT OF PRELIMINARY REMEDIATION GOALS . . - . . . . . 4 1.4 

1.5 MODIFICATION OF PRELIMINARY REMEDIATION GOALS . . . . . . . . . . . . . . . 5 

1.6 DOCUMENTATION AND COMMUNICATION OF PRELIMINARY 
REMEDIATION GOALS _......_..........................._............ 6 

1.7 ORGANIZATION OF DOCUMENT . . . . . . -. . . . . . . . . . . . . . . . . . . - . . . . . . . . . . 6 

IDENTIFICAT'ION~ OF PRELIMINARY REMEDIATION GOALS . . . . . . . . . . - . . . . . . . . . . 7 2.0 

2.1 MEDIA OF CONCERN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

2.2 CHEMICALS OF CONCERN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2 3  FUTURELAND USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . . . . . . . Y  

2.1 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS . . . - .  . . . 9. 

24.1 Chemical-, Location-. and Aaion-specific ARARS . . . . . - . . . . . . . . . . . . . . . . . 10 
2.4.2 Selection of the Most Likely ARAR-based 

PRG for Each Chemical . . . . . . . . . . . . . . . . . . . . - .  . . . . . . . . . . . . . . . . . . . . . I O  

2.5 EXPOSURE PATHWAYS. PARAMETERS. AND EQUATIONS . . . . . . . . . . . ~. . . 11 

2.5.11 Ground Water/Surface Water . . . . . . . . . - . . . - . . - . . . . . . . . . . . . . . . . . . . . . . 1-3 
2.5.2 Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3 

i 

i 

... 
-111- 



. 
26 TOXICITYINFORMATION ............................................ 14 

2 7  TARGETRISKLEVUS .............................................. 14 

ZS MODIFICATION OF PRELIMINARY REMEDIATION GOALS ............... 15 

28.1 ReviewofAssumptions ........................................... 15 
28.2 Identifitation of Uncertainties ...................................... 16 

25.4 Post-remedy Assessment ........................................... 18 
2.83 Other QMiderathS Modifying P R G  .............................. 17 

3.0 CALCULATION OF RISK-BASED PRELIMINARY 
REMEDIATIONGOALS ................................................... 19 

3.1 RESIDENTIAL LAND USE ............................................ 20 

3.1.1 Ground Water or Surface Water .................................... 20 
3.1.2 Soil .......................................................... 23 

COMMERCIAUINDUSTRIAL LAND USE ................................ 24 3.2 

3.21 Water ........................................................ 24 
3.22 soil .......................................................... 25 

3 3  VOLATILIZATION AND PARTICULATE EMISSION FACTORS .............. 26 

33.1 Soil-to-air Volatilization Factor ..................................... 26 
33.2 Particulate Emission Factor ......................................... 29 

3.4 CALCULATION AND PRESENTATION OF RISK-BASED PRGs .............. 3.1 

4.0 RISK-BASED PRCS FOR RADIOACITVE CONTAMINANTS ........................ 33 

4 1  RESIDENTIAL LAND USE ............................................ 34 

4.1.1 Ground Water or Surface Water .................................... 34 
4.12 soil .......................................................... 35 

4.2 COMMERCIALANDU!XRIAL LAND USE ................................ 3 5  

4.21 Water ........................................................ 36 
42.2 Soil .......................................................... 36 
4.23 Soil-to-air Volatilization Factor ..................................... 35 

. 4.3 RADIATION CASE STUDY ............................................ 38 

4.3.1 Site History .................................................... 40 
4.3.2 At the &oping Phase ............................................. 40 
4.3.3 After the Baseline Risk Assessment .................................. 43 

REFERENCES ................................................................. 47 

-iv- 



1 
I 
I 

B 
I 
I 

CONTENTS (Continued) 
. 

ILLUSTRATIONS OF CHEMICALS THAT 'LIMTr REMEDIATON . . . . . . . . .  49 

RISK EQUATIONS FOR INDMDUAL EXPOSURE PATHWAYS . . . . . . . . . . .  j 1 

B.I GROUND WATER OR SURFACE WATER - RESIDENTIAL LAND USE . . . . .  .j1 

B.b.1 Ingestion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j l  
B.1.2 Inhalation of Volatiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

B.2 SOIL - 'RESIDENTIAL LAND USE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j? 

B2.1 Ingestion of Soil .................................................. 52 
lB.2.2 Inhalation of Volatiles ............................................. C? - 
B.23 Inhalation of Particulates .......................................... 53 

B.3 SOIL - COMMERCIAUINDUSTRIAL LAND USE . . . . . . . . . . . . . . . . . . . . . . . . .  53 

B.3.1 Ingestion of Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
8.3.2 Inhalation of Volatiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
B3.3 Inhalation of Particulates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 

-V- 



EXHIBITS 
. 

Exhibit 

1-1 RELATIONSHIP OF THE HUMAN HEALTH EVALUATION TO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  THE CERCLA PROCESS 

2-1 ryPICAL EXPOSURE PATHWAYS BY MEDIUM FOR 
RESIDENTIAL AND COMMERCIAIJINDUSTRIAL 
LAND USES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . .  I ?  



I 
1 
I 
I 
1 
I 
I 
I 
I 1  I 
I 
El 
IR 
I 
I 
I 
I 
1 
1 

DEFINITIONS . 
Term 

~ ~~ 

Definition 

,+plicahir o r  Relevant and 
Appropriatc Requirements 
( ARARs) 

Cancer Risk 

Conceptual Site IModel 

Eyposure Parameters 

EKposurc Pathway 

Exposure Point 

Esposurc Route 

Final Rcrncdiiation lsvels 

"Applicable" requirements are those clean-up standards. standards 
of control. and other substantive enwronrncntal protection 
requirements. cnteria. or limitations promulgdted under federal or 
state law that specifically address a hazardous substance. pollutant. 
contaminant. remedial anion. localion. or other circumstance 31 a 
Comprehensive Environmental Response, Compensation. and 
Liability Act (CERCLA) site. "Relevant and approprute- 
requirements are those clean-up standards which. while not 
"applicable" at a CERCLA site. address problems or situations 
suffiqiently similar to those encountered at the C E R C W  site that 
their use is well-suited to the particular site. ARARS can be aaion- 
specific. location-specific or chemical-spectfic. 

Incremental probability of an individual's developing cancer over a 
lifetime as a result of exposure to a potentla1 carcinogen. 

A 'model" of a site developed' at  scoping using rcadily available 
information. Used to identify all potential or suspected sources of 
contamination. types and concentrations of contaminants detected 
at  the. site. potentially contaminated media. and potential exposure 
pathways. including receptors. This model is also known as 
"conceptual evaluation model". 

Variables used in #the calculation of intake (e.&, exposure duration. 
inhalation rate, average body weight). 

The course a chemical or physical asent takes from a sourcc to an 
exposed organism. An exposure pathwav describes 3 unique 
mechanism by which an individual or population IS exposed to 
chemicals or physical agents at  or originating from a site. E x h  
exposure pathway includes a source or  release from a source. 3 n  
exposure point. and an exposure route. If  the exposurc point differs 
from the source. a transport/exposure medium (e.$.. 3ir) or media 
(in cases of intermedia transfer) also would he indicated. 

A location of potential contact between an organism 3nd a chemical 
or physical agent. 

The wav a chemical or physical iyent comes in contact with an 
organism (Le.. by ingestion. inhalation. dermal contact). 

Chemical-specific clean-up levels that are documenled in the 
Record of Decision (ROD). They may differ from prelirninap 
remediation goals (PRGs) because of moclifiutiom resultins from 
consideration of various unaxtainties. technical and exposure 
bcton. as well as ail nine selectionof-remedy criieria ou1lintxl in 
the National Oil and Hazardous Substances Polluiion Contingniv 
Plan (NCP). 

- .. 



DEFINHTI 0 N S (Continueci) 

. 
Term Definition 

Hatard Index (HI) 

Hazard Quotient (HQ) 

"ILmiting" Chemical(s) 

Preliminary Remediation Goals 
(PRGs) 

Quantitarion Limit (QL) 

Reference Dose (RfD) 

Risk-baed PRGs 

Slope Factor (SF) 

Target Risk 

The sum or two or more hazard quotients for multiple substances 
and/or multiple exposure pathwdys. 

The ratio of a single substance exposure level over a specified time 
period to a reference dose for that substance derived from 3 similar 
exposure period. 

Chemiul(s) that 3re the last to be removed (or treated) from a 
medium bv a given technology. In theory. the cumulative residual 
risk for a medium may approxxmately equal the risk associated with 
the llrniting chemial(s). 

Initial clean-up goals that (1) are protective of human health and 
the enwronment and (2) comply with ARARs. They are developed 
wrlv in the process based on readily available information and are 
modified to reflect results of the baseline risk assessment. They 
also are used during analysis of remedial alternatives in the 
remedial investi~3tionlfe~ibility study (RES) .  

The lowest level at  which a chemical can be accurately and 
reproducibly quantitated. Usually equal to the method detection 
limit multiplied by a factor of three to five. but vanes for different 
chemiuls and different samples. 

The Agency's preferred toxicity value for evaluating potential 
noncarcinosenic effects in humans resulting from contaminant 
exposures at CERCLA sites. (See RAGSMHEM Part A ror a 
discussion of differenr kinds of reference doses and reference 
concentrations.) 

Concentration levels set at  scoping for individual chemicals t h t  
correspond to a specific cancer risk level of 10" or an ff Q/H) ot' 1. 
They are generally selected when ARARS are not available. 

A plausible upper-bound estimate of the ,probability of a response 
per unit intake of a chemical over a lifetime. The slope factor is 
used to estimate an upper-bound probability of an individual's 
developing cancer 3s a result of a lifetime of exposure t o  a 
particular level of a potential carcinogen. 

A value that IS combined with exposure and roxicity information . to  
cakulaie a risk-based concentration (e%, PRG). For carcinogmc 
effecrs. the tarpet rlsk is a cancer risk of lo4. For noncarcino_eenic 
effects. the laryer rlsk is a hazard quotient of 1. 



I 

I 
I 
I .  

I! 
I 
I 
I 
E 
E 
I 
,I 
I U  
' 1  

.4CRObWMS/ABBREWATIONS . 
.acronym/ 

.ah hresiat ion Definition 

ARARs 

CAA 

CERCLA 

CFR 

CWA 

EAG 

ECXO 

Applicable or Relevant and Appropnate Requirements 

Clean Ar Act 

Comprehensive Environmental Response, Compensation. and Llabilitv Act 

Code of Federal Regulations 

Clean Water Act.  

Eqosure  ibsessment Group 

Environmental Critena and ksessment Office 
Superfund Health Risk Technical Support Center 

E F  

EPX 

FWQC 

HEAST 

H H Elvl 

Hi1 

HQ 

H RS 

IRIS 

LLW 

XICL 

MCLG 

NCP 

S P L  

OS WlE R 

OERR 

Exposure Frequency 

US.  Environmental Protection Agency 

Federal Water Quality Criteria 

Health Effects Assessment Summary Tables 

Human Health Evaluation Manual 

Hazard Index 

Hazard Quotient 

Hazard Ranking System 

Integrated Rsk Inform3tion System 

Low-level Radioact ive Was I e 

Maximum Contaminant L a e l  

Maximum Contaminant Lcvel Goal 

National Oil and Haurdouh Suhstmctv Pollution Contingency Plan 

National Priorities List 

Office oi Solid Waste and Enicrgcnq Response 

Office of Emergency and Rr.mcJi.iI Raponse 



ACROWMS/ABBREWATIONS (Continued) . 
Acronyms/ 

Abbreviation Definition 

PNSI 

1PEF 

PRG 

RAGS 

RCRA 

RfC 

RfD 

R IfFS 

RME 

ROD 

RPM 

SARA 

SDWA 

SF 

TR 

VF 

WQS 

Preliminary Assessment6ite Inspection 

Particulate Emission Factor 

Preliminary Remediation Goal 

Risk Assessment Guidance for Superfund 

Resource Consenration and Recovery Act 

Reference Concentration 

Reference Dose 

Remedia I I nvestrgationEeasibi1ity Study 

Reasonable Maximum Exposure 

Record of Decision 

Remedial Project Manager 

Superfund Amendments and Reauthorization Act 

Sate Drinkins Water Act 

Slope Factor 

Tarset Risk 

Voiarilizarion Factor 

State Water Qualiry Standards 
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PREFACE 

Rirk Assessment Guuimce for Sirperfiind: Volume I - Human Henlrh Evaluanon ,Mnniid 
(RAGSmHEM) Part B is one of a three-part series. Part A addresses the baseline nsk assessment: Part C 
addresses human health rlsk evaluations of remedial alternatives. Pan  B provldes guidance on using U.S. 
Environmental Protection Agency (EPA) tomcity values and exposure information to derive risk-based 
preliminary remedial goals (PRGs) tor a Comprehensive Environmental Response. Compensation. and 
Liability Act (CERCLA) site. Initially developed at the scoping phase using readily available Information. risk- 
based PRGs generally are mdif ied based on site-specific data gathered dunng the remedial 
investigation/feasibility study (RI/FS). This guidance does not discuss the risk management declsions that are 
necessary 31 a CERCLA site (e.8.. selection of final remediation goals). The potential users of Pan B are 
those involved in the remedy selection and implementation process, including risk assessors. rlsk assessment 
reviewers. remedial project managers. and other decision-makers. 

This manual is being distributed as a n  interim final document to allow for a period of field testing 
and review. R A G S M E M  will be revised in the future. and Pans A B. and C will be incorporated into a 
single final guidance document. Additional information for specific subjeer areas is being developed for 
inciusion In a later revision. These areas include: 

0 development of goals for additional land uses and exposure pathways: 

additional worker health and safety issues; and 
determination of final remediation goals (and attainment). 

development of short-term yoals; 
0 

0 

Comments addressing usefulness. changes. and additional areas where guidance is needed should be 
sent to: 

US. Environmental Protection Agency 
Toxia Integration Branch (OS-230) 
Office of Emergency and Remedial Response 
401 M Street. SW 
Washington. DC 20460 

Telephone: 202-260-9486 
FAX: 202-260-6852 

-rii- 
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The purpose o f  this Suidance is to mist risk 
assessors. remedial project managers (RPMs), and 
others involved with risk assessment andl decision- 
making at Comprehensive Environmental 
Response, Compensation. and Liability Act 
(CERCLA) sites in developing preliminary 
remediation goals (PRGs). This guidance is the 
second part (Part B) in the series Risk Rrsermtenr 
Guidance for % p e w :  Volume I - Hunm 
Health Evaluanon Manual (RAGSA-IHEM). 

Part A of this Senes (EPA 1989d) assists in 
defining and completing a site-specific baseline risk 
assessment; much of the information in Pan  A is 
neCeSSarv backrround for Part B. Part B provides 
guidance on using US. Environmental Protection 
Agency (EPA) toxicity values and exposure 
information to derive risk-based PRGs. Initially 
developed at  the scoping phase using readily 
available information. risk-based PRGs generally 
are modified based o n  site-specific data gathered 
during the remedial investigation/feasibility study 
(RVFS). Part C o f  this series (EPA 1991d) assists 
RPMs. site engineers, risk assessors. and others in 
using risk information both to evaluate remedial 
alternatives during the FS and to evaluate the 
selected rcmedial alternative during and after i t s  

~mplementatton. IExhibit 1-1 illustrates how the 
three parts ot' RAGSMHEM are 311 used during 
the RlES and other stages of the  site remediation 
process. 

The remainder of this introduction addresses 
the definition of PRGs. the scope of Part B. the  
statutes. regulations. and gutdance relevant to 
PRGs. steps in identifying and modifying PRGs. 
the communication and docvmentation of PRGs. 
and the organization of the remainder of this 
document. 

1.1 DEFINITION OF 
PRELIMINARY 
REMEDIATPQN GOALS 

In genenl. PRGs provide remedial design staff 
with long-term tarsets to use during analysis and 

selection of remedial alternatives. Ideally. such 
i~oals. if achieved. should both comply w t h  
applicable or relevant and appropriate 
requirements (ARARs) and result in residual risks 
that fully satlsfy the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) 
requirements for the prolaxion of human health 
and the environment By developing PRGs early 
in the decision-making process (before the RI/FS 
and the baseline risk assessment are completed). 
design staff may be able to streamline the 
consideration of remedial alternatives. 

Chemical-specific PRGs are concentration 
goals for individual chemicals for specific medium 
and land use combinations at  'CERCLA sites. 
There are two seneral sources of chemical-specific 
PRGs: (1) concentrations based on ARARs and 
(2) concentrations based o n  risk assessment 
A R A B  indude mncentntion limits set by other 
environmental regulations (eg.. non-zero maximum 
cantaminant level goals [MCLGs] set under the  
Safe Drinking Water Act [SDWA]). The second 
source for PRGs. and the focus of this document. 
is risk assessment or risk-based calculations that 
set cancentration limils using carcinogenic and/or 
noncarcinogenic toxicity values under specific 
exposure conditions. 

1.2 SCOPE OF PART B 

The reci)mmended approac* for developing 
remediation goals is to idenufy PRGs ai sooping, 
modi@ them as needed at the end of the RI or 
during thc FS hyeJ on site-specific information 
from the  baseline risk aSsessment. and ultimately 
selea remediation levels in the Record of Decision 
(ROD). In order to set chemical-specific PRGs in 
:I sitc-spccific context. htmever. assessors must 
:inswer fundamental questions about the site. 
Information on the chemicals that are present 
onsite. the sperific contaminated media. land-use 
:issumptions. and the exposure assumptions behind 
p3thwm)i~ o f  individual exposure is n-ry in 
order t o  dcvelop chemical-speufic PRGs. Part B 
providcs guidance for considering this information 
in &\eloping chemical-specific PRGs. 
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Because Pan B focuses on developinq 
chemical-swcific PRGs based on Droteaion of 
human health, there are important types of 
information that are not considered and that may 
biynificantly inrluence the concentration goals 
needcd to sat@ the CERCLA criteria for 
selection of a remedy For example, 
consideration is riven to ecoloeical effects in'this 
guidance. Other types of r e d i a l  action 'goals' 
not addressed in detail indude action-specific 
ARARS (e+. technology- or performance-based 
standards) and location-specific ARARs. 

Throughout Part B. the term "chemical- 
specific' should be understbod to refer to both 
nonradioactive and radioactive chemical hazardous 
substances. pollutano.ormntaminants. Thcretore, 
the  p'ocess described in this guidana of selecting 
and modifLing PRGs at a site should be applied to 
each radionuclide of potential concern. 
Chapter 10 of EZAGS/HHEM Part A provides 
back-mund information concerning radionudides. 
and Chapter 4 of RAGSMHEM Part B includes 
radionuclide risk-based equations and a case study 
of 3 h y  .hetical radiation site. 

This midance onlv addresses in detail the 
initial selection of risk-based PRGs. Detailed 
Lwidance reeardim other factors that can be used 
to further modifL PRGs durine the rem& 
selection orOCeSS is  resented in other documents 
(see Section 13). 

13 RELEVANT STAI"IES, 
REGULATIONS, AND 
GUIDANCE 

This Kction provides relevant background on 
the  CERCLA statute and the regulations created 
io implement the statute (Le., the NCP). Ln 
addition. other CERCLA guidance documents are 
listed and their relationship to the site remediation 
process is discussed 

Several sections of CERCLA specially 
seaion 121 (CkZm-Up Standards). set out the 
requirements and goaii of CERCLA. TWO 
fundamental requirements are that selected 
remedies be protective of human health and the 
environment. and cOmp@ with ARARs. CERCLA 
indicates a strong preference for the selection of 
remedhl alternatives that permanently and 
significantly reduce the volume. toxicity. or 
mobility of wastes. To the maximum extent 
practicable, the selected remedial alternatives 
should effect permanent solutions by using 
treatment technologies. Both the law and the 
regulation (see below) call for cost-effective 
remedial alternatives. 

13.2 NATIONAL CONTINGENCY PLAN 

Replations implementing CERCLAare found 
in Volume 40 of the Code of Federal Regulations 
(#Et). Part 300. and are referred to collectmfy as 
the NCP. Section Mo.430 of the NCP. and several 
portions of the preambles in the. Federal Rgrner 
(55 Federal Reg&ter 8466 March 8. 1990 and 53 
Federal Regner 51394. December 21. 1988), 
address how the Superfund and other CERCLA 
programs are to implement the Aa's requirements 
and pai s  concerning clean-up levels. 

Nine criteria have been developed in the NCP 
to use in selecting a remedy. These criteria are 
listed in the next box The fin1 criterion -overall 
proteaion of human health and the environment - is the focus of this document. This criterion 
coupled with compliance with ARARS are referred 
to as "threshold criteria' and must be met by the 
selected remedial alternative. PRGs are developed 
to quantify the standards that remedial alternatives 
must meet in order to achieve these threshold 
criteria. See thesecond box on the next page for 
highlights from the NCP on remediation goals. 

1.33 GUIDANCE DOCUMENT'S 

13.1 CERCWSARA 

CERCLA as amended by the Superfund 
Amendments and Reauthorization Act of 1986 
(SARA). is the authority for EPA to take response 
actions. (Throughout this guidance. refcrena to 
C E R C W  should be understood to mean 
"CERCLA as amended by SARA') 

There are &vera] existing documents that 
provide gudiance on relaled step of the site 
remediation process. These dncurnents are 
described in the box on pase five. When 
documents are referenced throughout this 
guidance. the abbreviated titles. indicated in 
parentheses after the full titles and bibliographic 
information. are used. 



;VINE EVALUATION CRITERIA FOR 
ANALYSIS OF REMEDIAL ALTERNATIVES 

(40 CFR 300.430(e)( 9)(iii)] 

Threshold Criterir 
Overall Protearon of Human Health arid the 
Ennronment 
Cornpllance wth ARARs 

Balancing Critai3: 
Long-term Effecwencss and Permanence 

0 Reductton of Toaaty. Mohlity, or Volume 
ThrouD Treatment 

0 Sh0n-t- Effat~~Cn~Ss 
implementability 
cost 

Modifying Crite* 
StateAcccptancc 
ComrnumtyAaxpmce 

1.4 INITIAL DEVELOPMENT OF 
PRElLIiwINARY 
REMEDUT'IQN GOALS 

The NCP preamble indicates that. typically. 
PRGs are developed a t  scoping or concurrent with 
initial RYFS activities ( i . c  prior to completion of 
the baseline risk assessment). This early 
determination of PRGs facilitates development of 
a range of appropriate remedial alternatives and 
can focus selection on the most effective remedy. 

Development of PRGs early in the R E S  
requires the following site-speafic data: 

o media of potential concern: 
o 
o probable future land use. 

chemicals of potential concern; and 

This information may be found in the preliminary 
assessmenusite inspecuon (PA/SI) reports or  tn the 
conceptual site model that is developed pnor to or 
during a p i n g .  (When a site is listed on the 
National Priorities List [NPL], much of this 
information is compiled during the PA61 as part 
of the Hazard Ranking System [HRSI 
documentation record.) Once these factors are 
known. all potential ARARS must be identified 
When ARARS do not exist. risk-based PRGs are 
calculated using EPA health cnleria ( i s .  reference 
doses or  cancer slope factors) and default or site- 
speafic exposure assumptions. 

NCP RULE H(CHUCHTS 
RISK AND REMEDIATION GOALS 

(40 CFR j00.430(e)(2)) 

'In developin,a and. as appropie.  scmnin!j 
.- alternatives. the lead agency shall: (1) EstaMuh 
remechal aam obpmcs spcafylng cOntammanrs 
and medm of concern. potenual ctpasure 

prel~mnary renmhtxknl p l s  are developed based 
on read* available mformatian. such as chemical- 
spcafic MARS or other rellable infomtron. 
Prcllminary rcrnedmon goals should be modfed. 
as necessary, as more information becomes 
aMllable d m 3  the RI/FS. Final remediation 

sclcaed m m  goaLs shall establish 
m e i e  arpcsurr Levds that arc protectwe of 
human health and t& envlroammr and shall be 
dMlopcd by comdenng the foltomng: 

(A) AppllcaMe or relevant and appropriate 

patb"ayr and remediatm !plk Innlally. 

goab dl be dacrrmned when thc remcdy ls 

qupancnrs -and the f o l h n g  factors: 

(1) For sysamic toxicants, acceptable 
exposure levels shall represent 
conccntranan b e l s  to tvhrcfl chc human 

may k exposed mthout adverse effen 
during a Lisnime or part of a hfcnme. 

popu&hon.indudingstnsltlvesubgroups, 

i n c q m m g  an adequate margin of 
saftry; 

For ka4m of suspcacd Urcmo~ns. 
acccptablc arposurr levels are p m l l y  

to an lndindual of bemeen I@ and 10" 
on the retatronshlp *as lnforrnauon 

between dost and response. The IO4 
risk lcwt shall be used as the p t  ot 
departure for dctennrmng remeLtLatmn 
goals for altematnrcs when ARARs are 
not avadablc or arc not sutEaently 
protective because of multiple 
confamrnams at a slte or multiple 

c1311ccI1vaaoD levets that rrprcscnt an 
excess uppr-bwnd lifetune cancer nsk 

pathw& of exposure -" 

It is imwnant  to remember that risk-based 
PRGs (either at  scboing or later on) are initial 
guidelines. Thev do not establish that deanuo to 
meet these yoak is warranted A risk-bascd 
concentration. as calculated in this pidance, will 
be considered a final remediation Level only after 
appropriate analysis in the RVFS and ROD. 

I 
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I 
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GUIDANCE DOCUMENTS . 
Risk Assessmou GIlidnncc fca Supqtiuzd: VoJiune J - Humnn Health E ~ . o / ~ a t ~  M m d  Pun A (EpA 1W) 
(RAGSAWEM Pan A) contam hackground informatmn and s parncularly relevant for dortloplng cxposurc and 
taxlacy asscymcnts that are rcqutred men refining chemcal-spenf~ nsk-baxd coll~ntrauom and accountmy 
for site-spcafic bars wdl as multiple aposure pithways. 

G i & f m e / m  Conduuing Rancdral I m n s a u o o n t  turd FearibitUy Sa& Under CERCLA (EPA 1988c) (RUFS 
Guidance) prrscnls dcfaIkd rnfomation about implementmg tbc RYFS and geaeral mfonnaaon on the usc of 
nsk-based faaors and ARARs in the conten ot the RUFS. 

Gtridancc on Runedid Acdan for Conlrrmylned G m i d  Wmercu Supafunr! Sh{EPA 19884) (Ground-water 
Guidance) dew some of the key lssucs m development, evaluation, and scfcamn of gound-water remedtal 
actions at CERCLA s i t s  

CERCU compllinncc wiah olha LOW MA (Pan I. =A 1- and pan II. EPA i989a) (mcu 
Compbana Manuals) pmvldt gutdance for comprylng wtth ARARs Pan I addrrscs tbc Rcsourcc coraervatton 
and Remvery Act (RCRA), the Clean Watcr Aa (CWA), aad the SDWA; Pan II addrasa the Clean Au Act 
( W), other federal statutes, and state requiremnrs. 

Interim Final Gtridcacc on hpanng Superfund Dccuion Lbcwmus (EPA 1989b) (ROD Guidance) prondts 
pdance rhac (1) prrsrus standard fonnars for documcntmg CERCJA remedial acuon decisions; (2) danfia 
the roles and nsporwbiliria of EPA states. and other federal agataa  tn dMlopvlg and kumg deasion 
documents; and (3) cxphrm how to addrev changes made to proposed and selected rrtncdres. 

Cutdog of Supcrfrud Rvpm Acblicanom. Chapter 5 (EPA 1 W h )  IMS all ARARS guidance documents that 
- 

been r w e d  by EF'A shown tn ordcr of date of usuana. 

Role of the Basehe RkkArumncm in Suprrfruld Rmedv Selection DKisians (EPA 1991~) ProVlQs danficauon 
on the role ot the bascltoc rtsk assessment in dcvelopmg and jekaing CERCLA remcdtal altemitlves. 

Grudnnce fm Doto UJarrbiluy in Risk Assesmem (EPA 199Ob) (Data Useability Guid;mcc) provldcs guidance on 
huw IO obr;un a rnlmmurn kK1 of quaiicy for all envtronmentar anafMtcaI dara requmd for CERCLA nsk 
wtymenu. It mn asusc wth dciemimg umple quantitarion luniu (SQLs) for ctltrmral-speak ana- 

Gidance on Remdial Acnant for Suprrfund Sues wuh i'CB Conrnminnrdon (EPA 1990c) describes the 
recommended approach for evaluatmg and rcmedrating CERCLA SCQ hJnng PCB contaminatton. 

Conducihg Rbnodrd . InmnpkmiFeasxbiiity Snui~es for CERCLA Mi&i?ual Lpnd/ill Sira (EPA 1991a) 
( M u m p a l  Laad$Il Guldanrt) offm jutdance on haw to SIMIIIIIIIC Wth the R!/FS and the sckmon of a remedy 
fur rnuniapsl Lsndfilh 

1.5 MODIFICATION OF assessment, it is imponant to review the media and 
chemicals of potential concern. future land use, 
and exposure assumptions originally identified at 
scoyng. Chemicals may be added or dropped from 
the 1st and risk-based PRGs may need to be 

The initial list of PRGs may need to be revised recalculated using sitespecific exposure farms 
as new data become available durins the RVFS. PR% that are modified based on the results of the 
Therefore. upon completion of the baseline risk baseline risk assessment must still meet the 

PIREUrnNrnY 
REMEDIATION GOALS 



'threshold mteria" of: (1) protection of human 
health and the environment and (2) compliance 
with ARARs. However. the NCP also allows for 
modification of PRGs during final remedy 
selection based on the "balancing" and "modifyang" 
criteria and f aaon  relating to uncertainty, 
exposure. and technical feasibility. 

Final remediation levels are not determined 
until  the  site remedy is ready to be selected: final 
remediation levels are then set out in the ROD. 
PRGs are refined into final remediation goals 
throughout the process leading up to remedy 
selection. The ROD itself. however. should 
include a statement of final clean-up levels based 
on these soak. as noted in NCP seaion 
300.430(e)(2)(i)(A). In the ROD, it is preferable 
to use the term "remediation rather than 
"remediation goaJ in order to make clear that the 
selected remedy establishes binding requirements. 

1.6 DOCUMENTATION AND 
COMMUNICATION OF 
PRA'ZLIMINARY 
REMEIDHATION GOALS 

CIear and concise communication of risk-based 
PRGs among the risk assessor. the RPM, the 
ARARs coordinator. site engineers. analytical 
chemists. hydrogeologists. and others is important 
in the development of PRGs. The involvement of 
the RPM in the direction and development of 
risk-based PRGs is imponant to ensure that 
communication is facilitated and that the PRGs 
are used effectively in streamlining the RyFS 
P-. 

Because PRGs are most useful during the 
RVFS (e.%. for streamlining the consuleration of 
remedial alternatives), it is important to 
communicate them to site engineen as soon as 
possible A memorandum from either the site mk 
assessor or the RPM to the site e n p e e r s  and 
othen concerned with PRGs would be appropnate 
for transmitting the initial PRGs. A bnef awer 
page could highlight key assumptions, as well as 
changes. if any. to the standard equations (ic. 
those presented in this @dance). Following this 
brief discussion. the PRGs could be presented 
using a table similar to that in Section 3.4 of this 
guidancx. 

associated with the alternative should be 
documented in the final R-WS report to the  extent 
possible." Therefore. the RVFS report is a logical 
place to present PRGs that have been modified 
after the baseline risk asessment A summary 
table such as the one developed in Section 3.4 of 
Part B could be incorporated into the RVFS 
following the presentation of the baseline risk 
assessment. Along with the table. a discussion of 
issues of particular interest. such as assumptions 
used and the relationship berween ARARS and 
risk-based PRGs at the site, .could be included. 
Also. it is always appropriate to discuss how 
findings of the baseline risk assessment were 
incorporated into the calculation of PRGs. 

1.7 ORGAMIZATION OF 
DOCUMENT 

The remainder of this guidance is organized 
into three additional chapters and two appendices. 
Chapter 2 disarsses the initial identification of 
PRGs and provides guidance' for modifying 
appropriare mlaes during the RUFS. Chapter 3 
outlines equations that can be used to calculate 
risk-based PRGs for residential and commercial/ 
industrial land uses. These equations are 
presented in both "reduced- fonnat (Le.. 
incorporatingcenaindefaauit assumptions dixussed 
in Chapter 2) and expanded format (Le. with all 
variables included so that the user of this guidance 
can incorporate site-specific values). Particular 
considerations regarding radionuclides are provided 
in Chapter 4. 

Appendix A supports several points made in 
Chapter 2 by providing illustrations of remedial 
alternatives where one or more chemicals "limit" 
remediation and, thus, represent a major portion 
of the residual risk Appendix B ~IKU equations for 
media-specificexposure pathways, enabling the risk 
assessor to derive site-specific equations that differ 
from those presented in Chapter 3. 

Thmughout Chapters 2.3. and 4. case studies 
are presented that illustrate the process .of 
determming PRGs. These ~ a s e  studies .are  
contained in boxes with a shadow box appearance. 
Other types of boxed information (e.& NCP 
quotes) is contained in boxes such as those in 
Chapter 1. which have thidcer lines on the top and 
bottom than on the sides. 

The RUFS Guidance recommends that 
"chemical- and/or risk-based remedial objectives 
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This chapter provides guidance on the initial 
identification of PRGs during the scoping phase of 
the RVFS. As discussed in Chapter 1, 
medium-specific PRGs (ARAR-based and/or 
risk-based) should be identified during =ping for 
all chemicals of potential concern using readily 
available information. Seaions are provided in 
this chapter on how to use this infornration to 
identify media and chemicals of potential concern. 
the most appropriate future land use. potential 
exposure pathways, toxiciq information, potenual 
ARARs. and risk-based PRGs. Finally, a section 
is provided on the modification of PRGs. 

When usinn PRGs develoDed durine smDing, 
the design engineen should understand that these 
mav be modified simificantlv deuendine on 
information eathered about the site. The 
subsequent process of identifying & site 
contaminants. media. and other factors (Le, during 
the baseline risk assessment) may require that the 
focus of the RUFS be shifted (e.& chemicals 
without AR4Rs may become more or less 
imponant). Thus. the design of remedial 
dternatm should remain flmble until the 
modified (it. more final) PRGs are available. 

Prior to identifying PRGs during scoping, a 
conceptual site model should be developed (see 
the next box). Originally developed to aid in 
planning site activities (eg.. the RI/FS). the 
conceptual site model also contains information 
that is valuable for identifjfing PRGs. For 
example. it can be relied upon to identify which 
media and chemiah need PRGs. More 
information on developing and using a conceptual 
site model during the RUFS process can be found 
in Chapter 2 of the RVFS Guidance and Chapter 4 
of RAGS/HHEM Pan A 

To illustrate the process of calculating 
risk-based PRGs at the scoping stage of 
remediation, h p t h e t i g l  CERCLA stus will be 
d e d  in boxes in appropriate SeQions 
throughout Chapters 2 3, and 4. See the box on 

CQNCEPIWAL SXTE MODEL 

the next page for an introduction to the first site. 
(The radiation case study IS addressed in 

Chapter 4.) The infomiation fez .  toxicitv values1 
contained in these case studies is for illustration 
onhr. and should not be usecl for anv other 
purwse. These case studies have been simplified 
(e& only ground water will be examined) so that 
the steps involved in developing risk-based PRGs 
can be readily discerned. 

2.8 MEDIA OF CONCERN 

During xppibg, the fint step in developing 
PRGs is to identify the media of potenlial concern. 
The conepnral site model should be very useful 
for this step These media can be either: 

o currently contaminated media to which 
individuals may be exposed or  through which 
chemicals may be transported to potential 
rcceptors: or 

-7- 



W E  S U D Y  INTRODUCTION 

The XYZ Co. site contam an abandoned 
industrnl faality that Is adjacent to a high- 
denary rcsidentlal netghborhood. Remnants of 
drums, lagoons. and waste ples were found at 
the s~te. Ground water in the area of the ste is 
used by residents as a domestic water supply. 
There IS also a small lake downyndnnt from the 
stc that IS used by Some of the local residents 
for tishrng and wmming. 

a currently uncontaminated media that may 
become contaminated in the future due  to 
contaminant transpoh 

Several important media often requiring direct 
remediation are ground water. surface water. soil. 
and sediment. Currently, only the first three of 
these media are discussed in this chapter 3nd 
addressed by the equations provided in Chapters 3 
and 4. If other media that may require the 
development of risk-based concentrations (e.$.. 
sediments) are identified at scoping, appropnate 
equations for those media should be developed. 
Re$onal risk assessors should be consulted as 
eariy as possible to assist with this process. 

CASE S N D Y  IDENTIFY MEDIA 
OF CONCERN 

The PAS1 tor the example ste mbcaus that 
p u n d  WCI beneath tfrt sue Is mnIammatCd. 
Ihe  sour^^ of ths  cMfa-wn appear5 to 
have been apprclxlmately 100 leaking drum of 
v;mous Chemmb that mfc buned 111 the sol1 but 
haveslnulxcnremovad Lagoolltaad~c 
piles also may have conmbu~ to the 
mtarmMtm. Thus. gound water and soil are 
mcdla of ~ ~ n c c m  

Although evidence of lake water 
contamination was not found duMg the P M I .  
there n a reasonable paylw that rt may 
become contammatcd in the future due 10 
wntarrrmant rr;mtport ather vci ground-watu 
dlschargc Or su&CC watef ntn-ofT. Thus, 
suffaec water (the lake) and s e d u ~ n t s  also may 
be media or' concern. 

CHEMICALS OF CONCERV . 
This step involves developing an initial list of 

chemicals for which PRGs need to be developed. 
Charxers 4 and 5 of RAGS/HHEM Pan A Drovide 
imoor~ant additional information on identifvlng 
chemicals of Dotential concern for a site and 
should be consulted Drior to development of the 
conceotual site model and PRGs at scoDinq. 

Initially. the list of chemicals of potential 
concern should include any chemical reasonably 
expected to be of amam at the site based on what 
is known during scoptng. For example. important 
chemicals previously detected at  the site. based on 
the P M I ,  the conceptual site model, or other 
pnor investigations. generally should be included. 
in addition. the list may include chemicals that the 
site history indicares are likely to be present in 
significant quantities, even though they may not yet 
be detected Sources of this latter type of 
information include records of chemicals used or 
disposed at the fadlily, and interviews with current 
or former employees. The list also may indude 
chemicals that are probable deyadation produas 
of site contaminants where these are determined to 
be potential contributors of significant risk. An 
environmental chemist should be consulted for 
assistance in determining the probable degradation 
products of potential site-related chemicals and 
their persistence under site conditions. Generally. 
the chemicals for which PRGs should ibe developed 
wili correspond to the list of suspected site 
contaminanfs included in the sampling and analysis 
plan. 

23 FUTURE LAMI USE 

This step involves identifyins the most 
appropriate future Iand use for the site so that the 
appropriate exposure pathways, parameters. and 
equations (diswsed in the next section) can be 
used to calcutate risk-basecl PRGs. RAGSMHEM 
Pan A (Chaprer'6) and an EPA Ofice of Solid 
Waste and Emergency Response (OSMER) 
directive on the role of the baseline risk 
assessment in remedy selection decisions (EPA 
1991b) provide additional guidance on identifyins 
future land use The standard default equations 
provided in Chapter 3 of Pan B on& address 
residential and commerciaVindustria1 land uses. If 
land uses other than these are to be assumed (e.& 
recreational), then exposure pathways. parameters. 

-8- 
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CASE SNDY: IDENTIlT CHEMICALS 
OF CONCERN 

The PA51 for the XYZ Co. site identified the 
f o l l m g  seven chemicals in ground-water 
sampk benztnc, ethylbenzene. hexane. 
IsophOrOnC. tnallate. 1.12-tri~roethane. and 
wnyl chlonde. Thercforc, rtrcse chemicals are 
obnous choices tor ~emicals  of potential 
concern. 

and equations will need to be developed for the 
others as well. 

In general residential areas should be assumed 
to remain residentiaL Sites that are surrounded by 
operating industrial facilities can be assumed.to 
remain industrial areas unless there is an 
indication that this is not appropriate. Lacking 
site-specific information (tg., at  scoping). it  may 
be appropriate to assume residentnl land use. 
This assumption will generally lead to consentatwe 
(Le.. lower concentration) risk-based PRGs. If not 
enough site-specific information IS readilv available 
at scoping 10 selea one future land use over 
another. it may be sppropnaie to develop 3 
separate set of risk-based PRGs for each possible 
land use. 

When waste wll be managed onsite. land-use 
assumptmw and risk-based PRG development 
become more complicated because the assumptions 
for the site itself may be different from the  land 
use in the surrounding area. For example. if waste 
is managed onsite in a residential area. the 
risk-based PRGs for the ground water beneath the 
site (or at the edge of the waste management unit) 
may be based o n  residential exposures. but the 
risk-based PRGs for the site soils may be based on 
an tndustrial land UJC with some management or 
institutional controls. 

If a hnd-use assumption is used that is less 
rnnservative (i.e.. leads to higher ruk-based 
concentrations) than another. it generally will be 
n-ry 10 monitor the future uses of Ithat site. 

For example, if residential land use is not deemed 
to be appropriate for a particular stte because local 
zoning laws prohibit redentla1 development. any 
changes in local zoning would need to be 
monitored. Such considerations should be clearly 
documented in the site's ROD. 

W E  S N D Y :  IDENTIFY FUTURE 
LAND USE 

Chemical-specific ARARS are evaluated as 
PRGs because they are often readily available and 
provide a preliminary indication about the goals 
that a remedial aa ion  may have to attain. This 
step involves identifying all readily available 
chemical-specific potential ARAB for the 
chemicals of potential concern (for each medium 
and probable land use). Because 31 scoping 11 
often is uncertain which potential ARAR is the 
most likely one to become the ARAR-based PRG. 
all potential ARARs should be included in a 
tabular summazy (it no polential ARAR should 
be discarded). If there is doubt about whether a 
value is a potential ARAR. and therefore whether 
it could be u w l  as a PRG, it should be included at 
this stage. 

This section' summarizer the conccpt of 
ARARS and identifies the major types of ARARs. 
but provides only limited midance o n  identifying 
the most appropriate (likely) ARAR of all possible 
A U R s  LO use as the chemical-spec?fic PRG. 
More detailed information about the  identification 
and evaluation of ARARs is available from two 
important sources: 

e the NCP (see specifically 55 Federal Rqsrer 
8'7415766 for a description of ARARs, and 



8712-8715 for using ARARs as PRGs: see also 
53 Federal Regrtter 5 1394); and 

0 CERCLA Compliance Manuals (EPA 198& 
and 1-a). 

1.4.1 CHEMICAL, LOCATION-, AND 
ACI'ION-SPECIFIC ARARs 

The Agency has identified three Seneral types 
of federal and state ARARS: 

0 chemical-sDecific, are usually health- or risk 
management-based numbers or methodolopes 
that, when applied to site-specific conditions. 
result in the establishment of numerical vabes 
(e.% chemical-speafic concentrations in a 
given medium); 

0 location-suecific, are restrictions placed upon 
the ~)numtration of hazardous substances or 
the conduct of activities solely because they 
are in special locations (e&, wetlands); and 

e action-soecl 'fic, are usually technology- or 
activity-based requirements or limitations on 
actions taken with respect to hazardous wastes. 

This guidance primarily addresses only chemical- 
swcific ARARS since it focuses on the 
identification of chemical-specific concentrations 
that represent target goals (e& PRGs) for a dven 
medium. 

1.4.2 SELECrION OF THE MOST LIKELY 
ARAR-BASED PRG FOR EACH 
CHEMICAL 

This section briefly describes which. if any, of 
several potential ARAR values for a e n  
chemical is generally selected as the most likely 
ARAR-based PRG (and therefort the most likely 
PRG at this point). Although the process for 
identifying the most likely --based PRG is 
specific to the medium. in general the process 
depends on two consideratioas: (1) the 
applicability of the ARAR to the site; and (2) the 
comparative stringencg of the standards being 
evaluated. The ~revionsk cited documens should 
be carefullv considered for specif ic  
recommendations on identifvine ARARs. 

C m n d  Water. SDWA maximum contaminant 
levels (M-). non-zero MCLGs, state drinking 
water standards. and federal water quality criteria 

(FWQC) are mmmon ARARs (and. therefore. 
potential PRGs) for ground water. Other types of 
laws. such as state anti&:gradation laws. may be 
PRGs if they are accompanied by allowable 
concentrations of a chemical. (Although state 
anti-degradation laws that are expressed as 
qualitative standards may also be potential 
ARARS, they generally would not be considered 
PRGs.) 

As detailed in the NCP (see next box), the first 
step in identifying ground-water PRGs is to 
determine whether the ground water is a current 
or potential source of drinking water. If the 
aquifer is a potential source of drinking water. 
then potential ARARS generally will include the 
federal non-zero MCLG, M U  or state drinking 
water standard. and the most stringent (ie.. che 
lowest concentration) is identified as the most 
likely ARAR-based PRG. 

N C P  ON GROUND-WATER GOALS 
( N e  Reamblc. 

ss ~ r d ~ m l  R- 8117.  arch a, 1990) 

'Ground water that IS not m t l y  a dnnlung 
water  sour^^ but IS potentially a dnnltlng water 
sourrc In Ihc future would be proreaed to lcvctr 
appropwte to m useas a Qlahng water soufic. 
Ground wdtct rhat is 1l0t an actual or potemwl 
souxu of dnnlciag Unm may mc q u m  
rcmedmtm to a W t o  lo* MI (CXCCPK wtten 
neccgary to address emnfonmcntal concerns or 
allow for other ku&& uses; . . .)." 

If the aquifer is not a potential source of 
drinking water. then M U  MCLGs. state drinking 
water requirements or other health-based levels 
generally are appropriate as PRGs. Instead. 
environmental considerations (Le, effects on 
biological receptors) and prevention of plume 
expansion gened.ly determine dean-up levels. If 
an aquifer that is not a potential source of 
drinking water is connected to an aquifer that is a 
drinking water so- it may be appropriate to lise 
PRGs to set clean-up goals for the point of 
interconnection. 

For chemicals without M U  state standards. 
or non-zero MUGS,  the FWQC may be 
potentially relevant and appropriate for ground 
water when that p u n d  water discharge to surface 
water that is used for fishing or shellfuhing 
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Surface Water. FWQC and state water quality 
standards (WQS) are common ARARS for suriace 
water. An important determination for identifymg 
ARARs and other criteria as potential PRGs for 
surface water IS the current designated and future 
expected use of the water body Because surface 
water potentially could sewe many uses (e.&. 
drinking and fshing). several ARARs may be 
identified as potential PRGs for a chemical. with 
each ARAR corresponding to an identified use. A 
state WQS is generally the most likely MAR for 
surface water unless a federal standard is more 
suingent 

2 literslday of water t n p e d ) .  and (3) equations 
(eg.. to incorporate iitake). The equations 
include calc-lations of total intake from a given 
medium and are based on the identified exposure 
pathways and assoCiated parameters. Information 
gathered in this step should be used to calculate 
risk-based PRGs using the default equations 
identified in Chapters 3 and 4. Site-speftfic 
equations can be derived if a different sei of 
expasure pathways is identified for a panicuhr 
medium; this option also is discussed in Chapters 
3 and 4. 

If surface water is a current or potential source 
of drinking water, MCLs. state drinking water 
standards. non-zero MCLGs, and FWQC are 
potential ARARs. The analysis to determine 
which of these drinking water standards is the most 
likely ARAR-based PRG is the same as that 
conducted for ground water. An FWQC based on 
ingestion of water and fsh might be an ARAR for 
surface water used for drinking. 

If the designated or  future expected use of 
surface water is fishing or  shellfishinq, and the 
state has not promulgated a WQS. an  FWQC 
should be considered as a potential ARAR. The 
particular FWQC (Le, forwater and fish ingestion 
or  f s h  ingestion alone) selected as the potential 
ARAR depends o n  whether exposure from one or 
both of the routes is likely to occur and! therefore. 
on the designated use of the water body. If other 
uses of the water are  designated (e.&. swmming). 
a state WQS may be available. 

Soil. In general, chemical-speafic ARARs 
may not be available for soil. Certain states. 
however, have promulgated or are about to 
promulgate soil standards that may be ARARS and 
thus may be appropriate to use as PRGs. In 
addition, several EPA poliaa may be appropriate 
to use in developing PRGs (e.&, see EPA 199Oc 
for guidance o n  PCB clean-up levels). 

2.5 EXPQSURE PATHWAYS, 
PARAMmERS,AND 
EQUATIONS 

This step is generally conducted for each 
medium 2nd land-use combination and involves 
identifying the most appropriate (1) exposure 
pathways and routes (e.&. residcntial ingestion of 
drinking water). (2) exposure parameters (e.$. 

When risk-based concentrations are developed 
during scoping, readilv available site-specific 
information may be adequate to identify and 
develop the exposure pathways. parameters. and 
equations (e.& readily available information may 
indicate that the exposure duration should be 40 
years instead of the standard default of 30 years). 
In the absence of readily available sie-specific 
information. the standard default information in 
Chapters 3 and 4 generally should be used for the 
development of risk-based PRGs. 

Exhibit 2-1 lists a number of the potential 
exposure pathways that might be present a t  a 
CERCLA site. The exposure pathways included in 
the medium-specific standard default equations 
(see Chapters 3 and 4) are italicized in this exhibit. 
Note that Chapters 3 and 4 mav not address all of 
the expos ure oathwavs of oossible tmDortance at a 
given CERCLA site. For example. the 
consumption of ground water that continues to be 
contaminated by soil leachate IS not addressed. 
Guidance on goal-setting to address this exposure 
pathway is currently under development by EPA. 
In addition. the standard default equations do not 
address pathways such as plant and animal uptake 
of mntaminants from soil with subsequent human 
ingestion. Under certain circumstances, these or 
other exposure pathways may present significant 
risks to human health The standard default 
information. howFer. does address the quantifnble 
exposure pathways that are often significant 
COntribUtOK of risk for a particular medium and 
land use. 

Chapters 3 and 4 show how exposures from 
several pathways are addressed in a single equation 
for a medium. For example, in the equation for 
ground water and surface water under the 
rcsidential land-use assumption. the coefficients 
incorporate default parameter values for ingestion 
of drinking water and inhalation of volatiles during 
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EXHIBIT 2-1 . 
TYPICAL EXPOSURE PATHWAYS BY iWEDIUM 

FOR RESIDENTIAL AND C O M M E R C ~ L / I N D U ~  LAND USESab 

Exposure Pathways. Assuming: 

Medium Residential Land Use CommerciaVIndusuial Land Use 

Ground Water 

Surface Water 

Soil 

Ingestion from drin&ing 

Inhokyion of v o & k  

Dermal absorption from bathing 

Irnmenion - memait . 

Ingestion from dhking 

Inholorion of volorics 

Dermal absorption from bathing 

Ingestion during swimming 

Ingestion of contaminated f s h  

Immersion - externat 

I@n 

Inhalation of particulates 

Inhalation of volatiles 

DiradepernoltLzpasd 

Exposure to ground water contaminated 
by soil leachate 

Ingestion via plant uptake 

Dermal absorption from gardening 

Ingestion from drinkin$ 

Inhalation of volatiles 

Dermal absorption 

Ingestion from drinkingd 

Inhalation of volatiles 

Dermal absorption 

Insertion 
rnhororionof- 

Dinetertanolerpwrvcc 

I n h i a t h n o f d u i k  

Exposure to ground water contaminated 
by soil leachate 

Inhalation of particulates from trucks 
and heavy equipment 

I 

I 

a Lists of land uses. media. and expasure pathways are not comprehensive. 

Exposure pathways induded in RAGSMHEM P3n B standard default equations (Chapters 3 and 4) are 
italicized. 

Applies to radionuclides only. 

Becausc the NCP encourages protection of ground water to maximize its bcnefidal use. risk-based PRGs 
generally should be based o n  residential exposures once ground water is determined to be suitable for drinking. 
Similarly. when surhce water will be used for drinking. Seneral standards (e.&. ARARs) are to be achieved 
that define levels protective for the population at large. not simply wxker populations. Residential exposure 
scenarios should suide risk-based PRG development for ingestion and other uses of potable water. 
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household water use. Full details of parameters 
used to develop each equation and a summary of 
the 'reduced' standard default equations are 
,provided in the text of these chapters. 

Cenain modifications of the default equations 
may be desirable or necessary. For example. if an 
exposure pathway addressed by an equation in 
Chapter 3 seems inappropriate for the site (cg.. 
because the water contains no volatiles and. 
thereiore. inhalation of volatiles is irrelevant), or 
if information needed for a pathway (e.g.. a 
chemical-specific inhalation slope factor [see 
Section 2.61) is not readily available or derivable. 
then that pathway can be disregarded at  this stag% 

The decision about whether the risk assQsor 
should collect site-specific human exposure 
pathway information (e.&, exposure frequency. 
duration. or intake rate data) is very important. 
There will frequently be methods available to 
gather such information. some of which are more 
expensive and elaborate than others. Determining 
whether the resulting data are reasonably 
representative of populations in the surrounding 
area. however. is often difficult Collecting data'by 
surveying those individuals most convenient or 
accessible to RPMs or risk assessors may not 
present a mmplete population exposure picture. 
In faa. poorly planned data gathering effons may 
complicate the assessment process. For example. 
those surveyed may come to believe that their 
contributions will play a more meaningful role in 
the rlsk assessment than that planned by the risk 
355ess01-s: thu can result in sigificant demands on 
the rbk assessor's time, 

Before such data collection has begun. the nsk 
messor should determine. with the aid of 
screening analyses. what benefits are likely to 
result. Collection of the ~XDOS ore data discussed 
in thu section reneralhr should not be attempted 
unless sirnificant differences are likeehr to result in 
final reasonable maximum exws ure (RME) nsk 
estimates. If data colleaioa is warranted, 
systematic and welloonsidtred effons that 
mintmr7~ biases in results should be undertaken. 
Estimates of future exposuns are likely to rely 
heavily on consemtive erposure assumptions. By 
definition. these assumptioas will be unaffected by 
even the most extensive efforts 10 characterize 
a m e n t  popuhtron aawity. 

At this stage. the risk assessor. site engineer. 
and RPM should discuss information concerning 

the absence or presence of imponant exposure 
pathways, because rem-tion pals should be 
designed for specific a- of the site that a 
particular remedy must address. and exposures 
expected for one area of the site may differ 
significantly from those expeaed in another area. 

25.1 GROUND WATER/SURFACE WATER 

The residential land-use default equations 
presented in Chapters 3 and 4 for ground water or 
surface water are based on ingestion of drinking 
water and inhalation of volatile (vapor phase) 
chemicals originating from the household water 
suppty (e.&, during dish washing. clothes 
laundering. and showering). 

Ingestion of drinking water is an appropnate 
pathway for all chemicals with an oral cancer slope 
factor or an oral chronic reference dose. For the 
purposes of this pidance, howwer. inhalation of 
volatile chemicals from water is considered 
routinely only for chemicals with a Henry's Law 
constant of 1 x 10-5 atm-m3/mo~e or greater 
with a molecular weight of less than 200 #mole, 
Before determining inhalation toxicity values for a 
specific chemical (Section 26). it should be 
confinned that the Henry's Law constant and 
molecular weight are in the appropriate range for 
inclusion in the inhalalion pathway for water. 

Default equations addressing industrial use of 
gound water are not presented. Because the NCP 
encourages proteaion of ground water to its 
maximum beneficial use. once ground water IS 
determined to be suitable for drinking. risk-based 
PRGs generally should be based on resldential 
exposures. Even if a site is located in an industrial 
area the ground water underlylng a site in an 
indutrial area may be used as a drinking water 
source for residents several miles away due to 
complex geological interconnections. 

25.2 SOIL . 
The residential land-use standard default 

equations for tbe soil palhway are based on 
exposure pathways of ingestion of chemicals in'soil 
or dust The industrial land-use equations are 
hased on three exposure pathways: ingestion of 
aoil 3nd d u s ~  inhalation of particulates. and 
inhalation of volatiles. Agam for the purposes of 
this guidance, inhalation of volatile chemicals is 
relevant only for chemicals with a Henry's Law 
constant of 1 x 10-5 aun-rn3lmo1e or geater and 



with a molecnrlar weight of less than 200 gmole. 
For the inhalation pathways. in addition to toxicity 
information. several chemical- and site-specific 
values are needed- These values include molecular 
diffusivitv. Henry's Law constant, orsanic carbon 
,partition coefficient. and soil moisture content (see 
Chapter 3 for details). 

CASE STUDY: IDENTIFY EXPOSURE 
PATHWAYS. PARAMETERS. 

AND EQUATIONS 

For the potential reudenual land use 
identified at the XYZ Co. YU. the contaminated 
gmund warn (one of x v a ~ l  medg of pmtlal 
concern) appears to k an nnporrant sourn of 
future domestic water. Because sne-speclfic 
mfomatron IS not mually ava~lable to develop 
spclf ic exposure -, parameters. and 
equations. the standad default arrumptmns and 
Cquatrompb'idd k l ~ I e c 3 ~  k USCd to 
calculate ruk- PRGr Erposurc pathways 
of concern for ground water, theretore. are 
assumed to be lngest~ln of p u n d  water as 
drmking water and inhalacion of vohtdes m 
,murid water dunng household use. 

2.6 

This step involves identifying readily available 
toxicity values for all of the chemicals of potential 
concern for given exposure pathwa? so that the 
appropriate slope haors (SFs; for carcinogenic 
effects) and reference doses (RfDs. for 
noncarcinogenic effects) are identified or derived 
for use in the site-specific equations or the 
standard default equations. Therefore. Chabter 7 
of RAGSMHEM Pan A should be rewewed 
carefullv before broceedine with this step. 

' 

The hierarchy for obtaining toxicity values for 
risk-based PRGs is essentially the same Y that 
used in the baseline risk assessment Briefly. 
Integrated Risk Information System (IRIS) is the 
primary source for toxicity information: if no 
verified toxicity value is available through IRIS. 
then Health Effects Assessment Summary Tables 
(HEAST) is the next preferred source. When the 
dwelopment of a toxicity value is required (and 
appropriate data are available), cmnsultation with 
the Superfund Health Risk Assessment Technical 
Support Center is warranted. EPA staff can 
contact the Center by calling FT'S-684-7300 

(513-569-7300) or by FAX at F1S-6847159 
(513-569-7159). Others _must fax to the above 
number or write to: 

Superfund Health Risk Technical Support 

Environmental Criteria and Assessment Office 
U.S. Environmental Protection Agency 
Mail Stop 114 
26 West Martin Luther King Drive 
Cincinnati. Ohio 45268 

Center 

Other toxiciry information that should be 
obtained indudes EPA's weight-of-evidence 
classification for carcinogens (e.& A B1) and the 
source of the information (e.&. IRIS. HEAST). 

Note that throughout this document. the term 
hazard index (HI) is used to refer to the risk level 
assoCiated with noncarcinogenic effects. An HI is 
the sum of IWO or more hazard quotients (Ha). 
An HQ is the ratio of an exposure Ievel of a single 
substance to the RID for that substance. Because 
RfDs are p e r a l l y  exposure pathway-speafic (cy., 
inhalation RfD). the HQ is a single substance4 
single exposure pathway ratio. An HI, on the 
other hand, is usualty either a single substance/ 
multipk exposure pathway ratio, a multiple 
substandsingle exposure pathway ratio, or a 
multiple substanee/multipie exposure pathway 
ratio. In this document, however. only one 
exposure pathway is induded in the default 
equation for some land-use and medium 
combinations (e.&. residential soil). In order to 
remain consistent, the term HI has been used 
throu@oat RAGSRIHEM Part B, even though for 
such a pathway, the term HQ could appb. 

2.7 TARGET RISK LEWLS 

This step invohres identijing target risk 
concentrations for chemicals of potential concern. 
7he srandard default equarions presented in 
Chapters 3 and 4 are based on the following target 
risk lev& for camnogenic and noncarcinogenic 
effects. 

o For carcinoeenic effects, a concentration is 
calculated that corresponds to a IO" 
incremental risk of an individual developink 
cancer Over a lifetime as a result of exposure ' 
to the potential carcinogen from all sigaifiwnt 
exposure pathways for a given medium 



EXPOSURE R O U E  INGESTION 

CASE STUDY: IDENTIFY TOXlCrrY INFORMATIONa . 
Reference toxiary values for cancer and noncanccr effects (1.e.. SFs and RIDS. rtspmmly) are rqurrcd for 

chemic& without ARM-based PRGs (only [he use uudy chemiuls wnhout ARAfb are llucd here). Consnjcnng 
the ground-water mechum only, mgcstwn and mmauon are uposurc paw$ of mccrn. Tmnty information 
is obtained trom IRlS and H m ,  and IS shown In [he cable below. 

e For noncarcinogenic e f f q  a concentration is 
calculated that corresponds to an HI of 1, 
which is the level of exposure to a chemical 
from all significant exposure pathways in a 
given medium below which it is unlikely for 
even sensitive populations to expenence 
adverse health effects. 

At scoping, it generally is approprnte to use 
the standard default target nsk levels described 
above and discussed in the NCP. That is. an 
appropriate point of departure for remediation of 
carcinogenic risk is a concentration that 
corresponds to a risk of lo4 for one chemical in a 
panicular medium. For noncarcinogenic effects. 
the NCP does not spec@ a ranse, but I t  gnerally 
is appropriate to assume an HI equal to 1. 

2.8 MODIFICATION OF 
PJRJ3UMINARY 
REMEDIATION GOALS 

Upon completion of the baseline risk 
assessment (or as soon 3s data are available). it is 
important to review the future land use. exposure 
assumptions. and the media and chemicals of 
potential concern originally identified at  =ping, 
and determine whether PRGs need to be modified. 
Modification may involve adding or subtraaing 

chemicals of concern. media, and pathways or 
revising individual chemical-specific goals. 

2.8.1 REVIEW OF ASSUMPTIONS 

Media of Concern. As a guide to determinlng 
the media and chemicals of potential concern. the 
OSWER directive Role .of the Baseline Risk 
&-in Supafrurd Reme4 Selecrion Dec~sions 
(EPA 1991~) indicates that action IS Senerally 
warranted at a site when the cumulative 
carcinopnic risk b greater than 10" or the 
cumulative noncarcinogenic HI exceeds 1 bascd on 
RME assumptions. Thus. where the baseline risk 
assessment indicates that either the cumulative 
current or future risk associated with a medium is 
greater than 10' or that the HI is greater than 1. 
that medium presents a concern. and it pnenl ly  IS 
appropriate to maintain risk-basecl PRGs lor 
conraminants in that medium or  develop risk-based 
PRGs for additional media where PRGs are not 
clearly defined by ARARs. 

When the cumulative current or  future 
baseline cancer risk for a medium is within the 
range of lo4 to lo-! a decision about whether or 
not to take action is a site-specqfic dctermlnation. 
Generally. risk-based PRGs are not needed for any 
chemicals in a medium with a cumulative cancer 
risk of less than le, where an HI is less than or 
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equal to I. or where the PRGs are clearly defined 
by A R A k  However. there may be cases where a 
medium appears to meet the protectiveness 
criterion but contributes to the contamination of 
another medium (e-g.. soil contributing to ground- 
water contamination). In these cases. i t  may be 
appropnate to modify existing or develop new risk- 
based PRGs for chemicals of concern in the first 
medium. assuming that fate and transport modeis 
can adequately predict the impacts of concern on 
other media. EPA is presently developing 
guidance on quantifying the impact of soil 
contarnination on underlying aquifers. 

Chemicals of Concern. As with the initial 
media of potential concern. the initial list'of 
specific chemicak of potential concern in a given 
medium may need to be modified to reflect 
increased information from the RVFS concerning 
the importance of the chemicals to the overall site 
risk Chemicals detected during the RUFS that 
were not anticipated during scoping should be 
coastdered for addition to the list of chemicals of 
potential coneern; chemicals anticipated during 
scoping that were not deteaed during the RVFs 
should be deleted from the list Ultimately. the 
identity and number of contaminants that may 
require risk-based PRGs depends both on the 
results of the baseline risk assessment and the 
extent of action required, given site-specif= 
arcumstances. 

Following the baseline risk assessment. any 
chemical that has an associated cancer rlsk 
(current or future) within a medium of greater 
than 10" or an HI of paler than 1 should remain 
on the list of chemicals of potential concern for 
that medium. Likewise. chemicals that present 
cancer mlCr of less than 1@ generally should not 
be retained on the list unless there are signnrticant 
concerns about multiple contaminants and 
pathways. 

h n d  U s c  After the RYFS. one future land 
use can usually be sei- based on the results of 
the baseline risk aYeYment and discussions with 

. the RPM. In many cases. this land use will be the 
same as the land use identified a t  scoping. In 
other cases. however. additional information from 
the baseline nsk assessment that was not available 
at scopins may suges t  modifying the initial land- 
use and exposure assumptions. A qualitative 
;Issessment should be made - and should be 
available from the baseline risk assessment - of 

the likelihood that the assumed future land u.e 
will occur. . 

Exposure Pathways, Panmeters, and 
Equations. For exposure pathways. this process of 
modifying PRGs consists of adding or deleting 
exposure pathways from the medium-spec~trc 
equations in Chapten 3 and 4 to ensure that the 
equation accounts for all significant exposure 
pathways aSSOciated with that medium at the  stte. 
For example, the baseline risk assessment may 
indicate that dermal exposure to contaminants in 
soil is a significant contributor to site risk in this 
case, the risk-based PRGs may be modified by 
adding equations for dermal exposure. EPA poliq 
on assessing this pathway is currently under 
development; the risk assessor should consult the 
Superfund Health Risk Technical Support Center 
(FB-684-7300 or 513-569-7300) to determine the 
current status of guidance Likewise. when 
appropriate data (e.&, on exposure frequency and 
duntion) have been collected during the RI/FS. 
s i te -sphc  values can be substituted for the 
default values in the medinm-speafic equations. 

2.8.2 IDENTIFICATIONOF 
UNCERTAINTlEs 

The uncertainty assessment for PRGs can 
serve as an imporrant basis for recommending 
further modifications to the PRGs prior to setting 
final remediation goals. It also can be used during 
the post-remedy assessment (see Section 28.4) to 
identify areas needing particular attention. 

Risk-based PRGs are associated with varied 
levels of uncertainty, depending o n  many facton 
(e.3.. confidence that antiapated future iand use is 
correct). To place risk-based PRGs that have been 
developed for a site in proper perspective, an 
assessment of the uncertainties assoCiated with the 
concentrations should be conducted This 
assessment is similar to the uncertainty assessment 
conducted during the baseline risk assessment (see 
RAGSMHEM Part & especially Chapters 6.7. 
and 8). [n fact, much of the uncertainty 
:Isxssment amduaed for a site's baseline riSk 
a e s s m e n t  will be directly applicable to the 
uncertainty assessment of the risk-based PRGs. 

In gneral.  each component of risk-based 
PRGs discussed in this chapter - from media of 
pxential concern to target risk Ievel - should be 
sx;lmined, and the major areas of uncertainty 
hi~hlighted. For example, the uncertainty 
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"(2) For l F p m  or suspected caranogcns. 
acceptable +rposurc m. 
O ( 3 )  Faaon related to iechnrcal limrwrloas' 
such as detecrton/quanttfication limits hr 
contaminants; 
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associated with the selected future land use should 
be dixussed. Furthermore, the accuracy of the 
technical models used (e+, for vofatilization of 
contaminants from soil) to reflect site-specific 
mnditions (present and future) should be 
discussed. If site-specific exposure assumptions 
have been made. it is particularly important to 
document the data supporting those assumptions 
and to assess their relevance for potentially 
exposed populations. 

As the chemical- and medium-speafic PRGs 
are developed many assumptions regarding the 
RME individual(s) are incorporated. Although 
PRGs are believed to be fully protective for the 
R E  hdividual(s). the proximity of other nearby 
sources of expos= (e& other CERCLA sites. 
RCRA facilities. naturally occurring background 
contamination) and/or the existence of the same 
contaminants in multiple media or of multiple 
chemitals affecting the same population(s). may 
lead to a situation where. even after attainment of 
all PRGs. protectiveness is not clearly achieved 
(eg, cumulative risks may fall outside the risk 
range). ?he more likely it is that multiple 
contaminants. pathways. operable UNE. or other 
sources of toxicants will affect the FWE 
individual(s), the more likely i t  wll be that 
protectiveness IS not achieved. This likelihood 
should be addressed when identifvlng uncertainties. 

2.83 OTHER CONSIDERATIONS IN 
MODIknNC PRGs 

The NCP preamble and rule state that factors 
related ro exposure. technical Limitations. and1 
uncertainty should be considered when modifyng 
PRGs (see next two boxes) and setting final 
remediation levels. 

While the final remedlal action objecwes must 
satisfy the original 'threshold critena' of protection 
of human health and the e m n m e n t  and 
compliance wlth ARABS. the factors in the 
"balancing and arodilylng cnteeria" (listed in Secuon 
13.2) also are corsidered in the detailed analysls 
for choosing among remedial alternatives. In cases 
where the alternative that represents the best 
balance of faLTors is not able to attain cancer nsks 
wthin the risk range or an HI of 1. institutional 
controls may be used to supplement treatment 
and/or containment-based remedial action to 
ensure protection of human health and the 
environment. 

. 

NCPPREAMBW EXPOSURE 
TECHNIC& AND 

UNCERTAWIY FACTORS 
(55 Federal Regum 8717. March 8. 1990) 

'Preltmmary remaJtauon pals _. may be 
revised ... based on the armsldciarum of 
appro- factors mdudmg, but not lrrmted to. 
-re factors. uncertamy factan. and rcchanal 
faaors. 
curnutatwe effea of mulrrpk amammants. the 
potmlal for huimn exposure from other path- 
at tbe ate. popufatian S~IISI~M~IU, potmttal 
impacts on emronmental receptors. and 41355- 
medm unpacrs of altcmanvu. Facrors related to 
uncenamy my indudc the rclnmty of 
altcmawa. rhe wclght of sacnnfic endcncc 
conaemrng exposures and lndrvldual and 
cu- health e m  and the retrability of 
exposure data. Technical facton may indude: 
 de^^ lrmrp for matammanu, 
technlcdl bmnations to remechation, the abihty to 
momtor and control movement of contammanu 
and background IevefJ OE co~ammcs. The final 
selcamn of the appropnatc nsk level IS made when 
the remedy u seleaed based on the balanang of 
cntena-.." 

xncluded under expasure factors arc 

NC? RULE: EXPOSURE, TECHNICAL 
AND UNCERTAINTY FACTO- 

(40 CFR MO.4.tO(e)( 2)( i)) 

I "(i) ... Remedratim goah.shall be developed by 
considering the lollomng 

"(A) ApplmMe or relMnt and appropnate 
requirements-and the follmng factors 

"(I) For systemtc iantanrs. amptabk 
exposure levels...; 

"(4) Factors related IO umxnamry; and 
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Note that in the absence of ARARs. the lo4 
cancer risk "point of departure" is used as a 
starting point for analysis of remedial alternatives. 
which reflects EPA3 preference for managing risks 
at the more protective end of the risk range. other 
thing being equal. Use of "win1 of departure" 
target risks in this midance does not reflect a 
presumption that the final remedial action should 
attain such goals. [See NCP preamble, 55 Federnl 
RegrJfer 8715-9.) 

28.4 POST-REMEDY ASSESSMENT 

To ensure that protectfie conditions exist after 
the remedy achieves all individual remediauon 
levels set out in the ROD, there generally will be 
a site-wide evaluation conducted followng 
completion of a site's final' operable unit (e.g.. 
during the fi=-year review). This site-wide 
evaluation should adequately charactenze the 
residual contaminant levels and ensure that the 
post-remedy cvmulative site risk is protectwe. 
More detailed guidance on the post-remedy 
assessment of site 'protectiveness" is currently 
under development by EPA 
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This chapter presents standardized exposure 
parameters. the derivation of risk equations. and 
the COKesponding "reduced' equations. for 
calculating risk-based PRGs at  scoping for the 
media and land-use assumptions disntssed in 
Chapter 2 (Le, ground water. surface water. iurd 
soil for residential land use, and soil for 
commerdaUindustrial land use). Both carcinogenic 
and noncarcinogenic effects are addressed. 
Standardized default exposure parameters 
consistent with OSWER Directive 9285.6-03 (EPA 
1991b) are used in this chaptw. where default 
parameters are not available in that guidanoe. the 
references used are ated. If other media requiring 
risk-based PRGs are identified during the RUFS, 
or other exposure parameters or land uses are 
assumed. then appropriate equations will need to 
be modified or new o m  developed. 

Risk-based equations have been derived in 
order to reflect the potential risk from exposure to 
a chemical, given a specific pathway. medium. and 
land-use combination. By sening the total risk for 
carcinogenic effecrs a t  a target risk level of lod 
(the NCP's point of departure for analysis of 
remedial alternatives). it is possible to solve for the 
concentration term (Le.. the risk-based PRG). The 
total risk for noncarcinogenic effecu is sex at an 
HI of 1 for each chemical in a panicular medium. 
Full equations with pathway-specific default 
exposure factors are presented in boxes w t h  
uniformly thin borders. Reduced equations are 
presented in the standard boxes (i.e.. thicker top 
and bottom borders). At the end of this chapter. 
the case study that began in Chapter 2 is 
concluded (by showing how to calculate and 
present risk-based PRGs). 

In general, the equations described in this 
chapter are sufficient for calculating the rak-based 
PRGs at the scoping stage of the RVFS. Note. 
however, that these eauations are based on 
standard default assurnptlons that rnav or mav not 
reflect stre-speafic condltlons. When rsk-based 
PRGs are to be ulculated based on site-specific 

conditions. the risk assessor should modify the full 
equations, andlor develop additional ones. Risk 
equations for individual exposure pathways for a 
given medium are presented in Appendix B of t h s  
document, and may be used to develop andlor 
modify the full equations (See the introduaion to 
Appendix B for more detailed instructions) 

Before agmining the calculation of risk-based 
PRGs. several important points should be noted: 

0 

0 

0 

Use of toxiaty values in the equations as 
written currently assumes 100 percent 
absorption effecienq. That 6. for the sake of 
simplicity at scoping, it is assumed that the 
dose administered to test animals in toxicity 
studies on which toxiaty values are based was 
fuUy absorbed This assumption may need to 
be revised in cases where toxicity values based 
on route-to-route exuapolation are used, or 
there are significant difkrences in absorption 
likely between contaminants in site media and 
the wntaminanrs in the vehicle used in the 
toxicity study. Chapter 7 and Appendix A in 
EZAGS/HHEM Pan A (EPA 1989d) provide 
additional details on this point 

The risk-besed PRGs should contain at most 
two significant Ggures even though some of 
the parameters used in the reduced equations 
carry additional signi6cant figures. 

The equations presented in this chapter 
calculate risk-based concentrations using 
inhalation reference doses (RID+) and 
inhalation slope factors (SFp). If only the 
reference concentration (RfC) andkr  
inhalation unit risk are available for a 
particular compound in IRIS. conversion to an 
RfDi and/or SFi will be necessary. Many 
convened toxicity values are available In 
H W .  

- All standard equations presented here 
inwrporate pathway-specific default exposure 

- 1'9- 



3.1 

factors that generally reflect RME conditions. 
AS detailed in Chapter 8 of RAGS/HHEM 
Pan A (in the discussion on combining 
pathway risks [Section 831). RME risks from 
one pathway should be combined with RME 
risks from another pathway only where there 
is %pod reason. Typically, RME from one 
pathway is not likely to occur with RME from 
another (unless there is a strong logical 
dependent relationship between exposures 
from the two pathways). If risk-based 
concentrations are developed for both the 
water and the soil pathways. the risk assessor 
ultimately may need to adjust exposure 
assumptions from one pathway (ie, the one 
with the lower RME) to less conservative 
(more - i d )  values. 

RESIDENTIAL LAND USE 

3.1.1 GROUND WATER OR SURFACE 
WATER 

Under residential land use. risk from surface 
water or ground-water contaminants is assumed to 
be due ,primarily to direct ingestion and to 
inhalation of volatiles from household water use. 
Tkerefore. only these exposure pathways are 
considered in this section. Additional exposure 
pathways (e.g.. dermal absorption) are possible and 
may be significant at  some sites for some 
contaminants. while perhaps only one exposure 
pathway (e-g.. direct ingestion of water only) may 
be relevant at others. In any case, the risk-based 
PRG for each chemical should be calculated by 
considering all of the relevant exposure pathways. 

In the case illustrated here, risks from two 
exposure pathways from ground warn or surface 
water are mmbined, and the risk-based 
concentration is derived to be protective for 
exposures from both pathways. Default risk from 
ground water or surface water would be calculated 
as follows ("total' risk, as used below, refers to the 
combined risk for a single chemical from all 
exposure pathwa)rs for a given medium): 

Total r s k  = Risk from + RisL from inhala- 
trom water inh%tton of tion of volatiles 

\\ater (adult) from household 
water (adult) 

At scoping. risk from indoor inhalation of 
volatiles IS assumed to be relevant only for 
chemicals that easily volatilize. Thus. the risk 

equation incnrporates a water-air concentration 
relationship that is applicable only to chemicals 
with a Henry's Law conslant of greater than 1 x 
10-j atm-m3/mole g& a molecular weisht of less 
than 200 g/mole. These criteria are not used IO 
screen out chemicals that are not of potential 
concern for this exposure pathway but only to 
identifv those that generally should be considered 
for the  inhalation pathway when developing risk- 
based PRGs early in the process. Chemicals that 
do not meet these criteria may pose signifitant site 
risks (and require risk-based 3-k) through 
volatiles inhalation. The ultimafe decision 
regarding which contaminants should be 
considered in the FS must be made on a site- 
speclfic basis following completion of the baseline 
risk assessment. 

Based primarily on experimental data on the 
volatilization of radon from household uses of 
water. Andelman (1990) derived an equation that 
defines the relationship benveen the cOnCentration 
of a contaminant in household water and the 
average concentration of the volatilized 
contaminant in air. In the derivation. all uses of 
household water were! considered (e& showering, 
laundering. dish washing)). The equation uses a 
default 'volatilization" constant (K) upper-bound 
value of 0.0005 x 1000 Ud. (The l(xw L'm3 
conversion factor is incorporated into the equation 
so that the resulting air concentration is expressed 
in mg/m3.) Certain assumptions were made tn 
deriving the default constant K (Andelman 1990). 
For example, it is assumed that the volume of 
water used in a residence for a family of four IS 
720 Uday. the volume of the dwelling is 15O.v L 
and the air exchange rate is 0.25 m%r. 
Furthermore. it is assumed that t h e  average 
transfer efficiency weighted by water use is 50 
percent (Le, half of the concentration of  each 
chemical in water will be transfered into air by all 
water uses [the range extends from 30% for toilets 
to 90% for dishwashers]). See the Andelmun 
paper for further details. 

Concentntions Based on Carcinogenic Effects. 
Total risk for carcinogenic effects of certain 
volatile chemicals would be calculated by 
combining the appropriate inhalation and oral SFs 
with the two intakes from water: 

Total = SF,, x Intake from + SFt x Intakeironi 

water \u)aulam 

risk in,wtlon of tnhatplon 0 1  

uilter 



Adding appropriate parameters, and then 
reamging the equation to solve for 
concentration. results in Quation (1). 

Equation (1') on the mu page is the reduced 
&ion of muation (1) using the standard default 
parameters. and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of le. It 
combines the toxicity information of a chemical 
with smdard default exposure parameters for 
residential land use to generate the concentration 

of that chemical that corresponds to a 10" 
carcinogenic risk level due to that chemical. If 
either the SFo or SF, h Equation (1') is not 
available for a particular chemical the term 
containing that variable in the equation can be 
ignored or equated to zero (eg.. for a chemical 
that does not have SF,. the term 7.5(SF,) in 
Equation (1 -) is ignored). If anv of the default 
parameter  lues are chaneed to reflwt site- 
swcific conditions. the reduced eauation cannot be 
Used. - 

T R =  

C ( m e  risk- 
. -) 

Parameten 

C 
TR 
SFi 
SF* 
BW 
AT 
EF 
ED 
IRa 
1% 
K 

RESfDENTIAL WATER - CARCINOGENIC EFFECTS 

S F , x C x I R . x E F x E D  + S E x C x K x I R x E F x E D  
BWxATx36Sdayslyr BWxATxM5dayyLr 

E F x E D x C x K S F , x I R ~ l  + ( S F , x K x l R J l  
BW x ATx 365 Qyslyr 

TR x BW x AT x 365 davshrr - - 
EF x ED x [(SF, x K x IR,) + (SF, x IR.J] 

Definition luniu) Default Value 

- 
IO4 
chcmd-spcak  

70 kg 
ChCmlUl-SpQfiC 

'OF 
350 dayvvr 
30 y 
15 m3/day 
2 Uday 
0.0005 x loo0 Urn' (Andelman 1990) 

I REDUCED EQUATION: RESIDENTIAL WATER - CARCINOGENIC EFFECTS 
I 

, where: 
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C O ~ C C ~ ~ ~ ~ Q I I S  Based om Noncarcinogenic 
Mecrs. Total HI would be calculated by 
combining the appropriate oral and inhalation 
RfDs with the two intakes from water: 

+ Intake from inbaalation 
RkDi 

Adding appropriate parameters. and then 
rearranging the equation to solve for 
concentration. results in Equation (2). 

Equation (27 on the next page is the reduced 
version of Equation (2) using the standard default 
parameters. and is used to calculate the risk-based 
PRG at a prespecified HI of 1. It combines the 
toxicity information of a chemical with standard 
exposure parameters for residential land use to 
generate the concentration of that chemical that 
corresponds to an HI of 1. If either the RfD,.or 
RfD, in Equation (2') is not available for a 
particular chemical, the term containing that 
variable in the equation can be ignored or equated 
to zero (e.g.. for a chemical that does not have 
R!D,, the term 75/RfDi in Equations (2') IS 
ignored). 

~ 

RESIDENTIAL W A T k  - NONCARCINOGENIC EFFECTS 

THI = C x 1% x EF x ED + C x K x IR- x EFx ED 
RfD, x BW x ATx 365 days/yr RfD, x BW x ATx 36s dam 

- - EF x ED x C x I(I/RfD, x IR) + fl!RtD. x K s 1R.U 
BW x ATx 365 days/yr 

C ( m y k m k -  = 'IHI x BW x ATx .WS davs/vr 

-dl 

where: 

Parameters Definition Default Value 

EF x ED x ,[( l/RfDi x K x Iq) + ( l/RfD, x I&)] 

chemical conccntrauon m water (ma) - 
oral chromc reference dosc (mg/k@ay) chemical-speaik 
inhalation chronic reference dose (mg/lcg+) chemical-spearic 
adult body wc~ght (kg) 70 kg 
averagng time (yr) 30 yr (for noncarmqen.. equal to ED) 

target hazard lndat (Unnlas) I .  

expasure frrqutncy (bayslyr) 350 dayslyr 

exposure duration (yr) mu)yr 
daily indoor inhalam rate (m'/day) 1s m'ldily 
daily water ingcsuon rate (Uday) 2 L,'d;lv 
VOlatilaaIron tactor (unltless) 0.OOOS x IO00 UrnJ (Andelman 1990) 

REDUCED EQUATION: RESIDENTIAL WATER - NONCARCINOGENIC EFFECTS 
RSk-baKdPRG = 73 
(m&; THI = I )  ps/RfD, + 2/RfD,] 

I w h m :  

(2') . 
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3.1.2 SOIL 

Under residential land use. risk of the 
contaminant from soil is assumed to be due to 
direct ingestion of soil only. 

Total ristr from sod = RLL from ingestion of sod 
(child to adult) 

Because the soil ingestion rate is different for 
children and adults, the risk due to direct ingestion 
of soil is calculated using an age-adjusted ingestion 
factor. The age-adjusted soil ingestion factor 
(IF~vadl) takes into account the difference in daily 
soil ingestion rates. body weights. and exposure 
durations for two exposure groups - children of 
one to six years and others of seven to 31 years. 
Exposure frequency (EF) is assumed to be 
identical for the two exposure groups. For 
convenience. this factor is calculated separately as 
a time-weighted soil intalce, normalized to body 
weight. that can then be substituted in the total 
intake equation. Calculated in this manner. the 
faaor leads to a more protecuve risk-based 
concentration compared to an adult-only 
assumption. Note that the ineestion factor is in 
units of me-vrkedav. and therefore is not directlv 
cornoarable to dailv soil intake rate in unirs of 
rnuke-dav. See the box containing Equation (3) 
for the calculation of this factor. 

Additional exposure pathways (e.& inhalation 
of particulates. inhalation of volatiles. ingestion of 
foodcrops contaminated through airborne 
particulate deposits. consumption of ground water 
contaminated by soil leachate) are posible at some 
sites. The risk assessor should evaluatewhether 

inhalation or other expaswe pathways are 
significant at the site. Generally. for many 
undisturbed sites with vesetah cover such 
those found in arcas of residential land use. air 
pathways are relatively minor contributors of mk. 
Greater concern for baseline risk via air path- 
60 under comrneniaUindustria1 land-use 
assumptions. given the increased activtty levels 
likely (see Section 3.22). Air pathway risb also 
tend to be major concam during remedial action 
(see RAGSIHHEM Pan C). If these other 
pathways are known to be significant at -ping. 
Appendix B andlor'other information should be 
used to develop site-specific equations for the risk- 
based PRGs. 

CiDncentmths Based on Carcinogenic Efkcts. 
Total risk for carcinogenic effects would be 
calculated by combining the appropriate oral SF 
with the intake from soil: 

Total nsk = SF,, x Intake from myxion of soil 

Adding appropriate parameters. and then 
rearranging the equation to solve for 
concentration, results in Equation (4). 

Equation (4') below is the reduced version of 
Equation (4) using the standard default 
parameters. and is used to calculate the risk-based 
PRG at a prespecified cancer risk level of le. It 
combines the toxiary information of a chemical 
with standard exposure parameters for residential 
land use to generate the concentration of that 
chemical that corresponds to a lo4 carnnogenic 
risk level due to that chemical. 

Panmeter Definiuon 

~FmIuad, 
BWWi* 

BW35r7-X 

ED,$r,I* 
ED2pI.JI 
~Rla*.~L* 
IRu*Lisrrtjl 

age-adjuued soil mgesmn factor (mg-yrksday) 
average body might from ages Id (kg) 
avuasc body weight from ages 7-31 (kg) 
eqxxurc duration dunng ages Id (yr) 
exposure duration during ages 7-31 (yr) 
ingestion rare of soil age 1 to 6 (nig/&iy) 
inpition rare of soil all other ages (mgd3y) 

Default Value 



RESIDENTIAL SOIL - UCINOGFBIC EFFECT5 . 
T R =  SF, x C x lo" kPhP x tF X IF-F 

ATx365 daywyr 

where: 

- - TR x AT  x 365 davsrVear 
SF, x 10" 'kgrng x EF x IF-, 

Default Value 

- 
106 
chemmi-spcclfc 
70 yr 
350 daw 
114 mg-yrkgday (see Equation (3)) 

REDUCED EQUATION RESIDENTIAL SOIL - CARCINOGENIC EFFECI'S 

Concentrations Based on Noncarcinogenic 
Effects. Total HI would be calculated by 
combining the appropriate oral 1RfD with the 
intake from soil: 

HI = Intake from incestion 
RtD, 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration. results in Equation (5) .  

Equation ( 5 ' )  is the reduced version of 
Equation (5)  using the standard default 
parameters. and is for calmlating the risk-based 
PRG at a prespecified HI of 1. It combines the 
toxicity information of a chemical with standard 
exposure parameters for residential land use to 
genente the concentmion o f  that chemical that 
corresponds to an HI of 1. 

3.2 COMMERCIALANDUSTRIAL 
LAND USE 

3.2.1 WATER 

Once ground water is dctcrmined IO bc 
suitable for drinking, risk-based concentrations 
should be based on residential exposures. This IL 

because the NCP seeks to require protcctron 01' 

ground water to allow for its maximum kncficial 
use (see Seaion 2.3). Thus. under the commercial/ 
industrial land-use scenario, risk-basecl PRGs for 
ground water are calculated according 10 
procedures detailed in Section 3.1.1. Similarly. Tor 
surface water that is to be used for drinking. thc 
risk-based PRGs should be calculated for 
residential populations. and not simply wvorkcr 
populations. 

I 

I 
I 
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m w T I A L  SOIL - NONCARCINOCPJPC EFFEm 

THI = Cx106kplmpxEFxIF-+ 
RfD, x AT x 365 days31 

Defaurt Value 

- 
1 

30 yr (for noncamnogens. equal to ED [which 
ChUIliC3,i-spedfiC 

350 e w P  
Is mcOcpOrafed 111 IFwlw)l) 

114 mg-yr/ltg&y (sa Equation (3)) 

t .. " - .  r ,  I 
I REDUCED EQUATION RESIDENTIAL SOIL - NONCARCINOGENIC EFfEClS I 

RiSk-baSed PRG = 2 7 x  Id(RfD,) 
(mgng; THI = 1) 

3.2.2 SOIL 

Under comrnerciaVindustria1 land use. risk of 
the contaminant from soil is assumed to be due to 
direct ingestion. inhalation of volatiles from the 
soil. and inhalation of particulates from the soil. 
and is calculated for an adult worker only. For 
this type of land use, it is assumed for calculating 
default risk-based PRGs that there is greater 
potential for use of heavy equipment and related 
traffic in and around contaminated soils and thus 
greater potential for soils to be disturbed and 
produce paniculate and volatile emissions than in 
most residential land-use areas. Additional 
exposure pathways (e& dermal expasure) are 
possible at some sites. while perhaps only one 
exposure pathway (e+. direct insestion of soil 
only) may be relevant at others; Appendix B may 
be used to identi@ relevant exposure pathways to 
be combined In such cases. the risk is calculated 
by considering all the relevant exposure pathways 
identified in the RI. 

In the default case illustrated below, intakes 
from the three exposure pathways are combined 
and the risk-based PRG is derived to be protective 
for exposures from all three pathways. In this case. 
the risk for a specific chemical from soil due IO the 
three exposure pathways would be calculated as 
follows: 

Total Nk = Risk from i&.ttion of sod (worker) 
from s o i l  

+ Risk from inhalation of volatiles from 
5011 (worker) 

Risk from inhalation 01 particulates 
from roll (worker) 

+ 

IL is possible to consider only exposure pathways of 
site-specific importance by deriving a si le-specific 
risk-baed PRG (e.3.. using the equations in 
Appendix B). 

- T i -  -- 



Concentrations Based on Carcinogenic EKects. 
Total risk for camnogeaic effects would be 
calculated by combining the appropriate inhalation 
and oral SFs with the three intakes from soil: 

Toral nsk = SF,, x 

+ SI-, s 

+ SF, x 

Adding appropriate 

Intake from in$silon of soil 
(worker) 

Intake from inhalation of 
wlar i l e s  from soil (worker) 

In~ake from inhahtlon of 
particulates (worker) 

parameten. and then 
rearranging the equation to solve for 
concentration. results in Equation (6). *A 
discussecl in more detail in Section 33.1. Equation 
(6a) is used to test the results of Equation (6). 

Equation (6 ' )  is the reduced version of 
Equation (6) using the standard default 
parameters. and is used to calcubte the risk-based 
PRG at a prespecified cancer risk level of lo4. It  
combines the toxicity information of a chemical 
with standard e-xposure parameters f i x  
commerciaUindustria1 land use to generate the  
concentration of that chemical that corresponds to 
a lo4 carcinogenic risk level due to that chemical. 

Concentrations Byed on Noncarcinogenic 
EfFects. Total HI would be alculated by 
combining the appropriate oral and inhalation 
RfDs with the three intakes from soil: 

HI = Intake from inresricm 
RID, 

(Intake tiom inhalatum of volatile.. 
t and oanlculatatesl 

RID, 

Adding appropriate parameters, and then 
rearranging the equation to solve for 
concentration, results in Equation (7). 

Equation (7') is the reduced version of 
Equation (7) using the standard detault 
parameten. and is used to calculate thc risk-based 
PRG at a prespeafied HI of 1. I t  combines the 
toxicity information of 3 chemical with standard 
exposure parameters lor commerdal/industrial land 
use to genente the  concentration o f  that chemical 
that corresponds to an HI o f  1. 

3 3  VOLATIUZATION AND 
FARTICULATE EMISSIQFV 
FACTORS. 

33.1 SOIL-TO-AIR VOLATILIZATION 
FACTOR 

The volatilization txtor (VF) IS used for 
def in in j  Ihe  relationship between t h e  
concentration of contaminants in soil and the 
volatilized contaminants in air. This relationship 
was established as a part of the Hwang and Falco 
(1986) model developed by EPA's Exposure 
Awssment Group (EAG). Hwang and Falco 
present a method intended primarily to estimate 
the permissible residual levels associated with the 
cleanup of contaminated soils. This method nas 
been used by EPA in estimating exposures to PCBs 
and 23.7.8-TCDD from contaminated soil (EPA 
1986. EPA 1988a). One of the pathways 
considered in this method is the intake by 
inhalation of volatiiized contaminants. 

The basic principle of the Hwans and Falco 
model is applicable only if the soil contaminant 
conceniration is at or below saturation. Saturation 
is the soil contaminant concentration at  which [he  
adsorpuve limits of the soil particles and t h c  
solubility limits of the available soil moisture have 
been reached. Above saturation. pure liquid-phase 
mntaminant is present in the soil. Under such 
conditions. the partial pressure of the pure 
contaminant and the partial pressure of air in the 
interstitiall soil pore spaces cannot be calculated 
without first knowng the mole fraction of the 
contaminant in the soil. Therefore, above 
saturation. the PRG cannot be accurately 
calculated based o n  volatilization. Because of this 
limitation. the chemical concentration in soil (C) 
calculated using the VF must be compared with 
the soil saturation concentration (C,) calcula~d 
using Equation (6a) or (7a). If C is greater than 
C-,. then the PRG is set equal to Car 

The VF presented in this seLTion assumcs that 
the contaminant conenuation in the soil .is 
homoseaeous from the soil surface to the depth of 
concern and that the contaminated material is not 
cuvcred by contaminant-free soil material. For the  
purpose of calcuhtin!: VF, depth of concern IS 
dciined ;IS the depth at which a near impenctmblc 
l awr  o r  the permanent gound-water lcvel is 

r CJC hecl. 

I 
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If PRG > C,. [hen set PRG = C, (where C, = coil s3umiton concentration (mglcg); see Equarlon ( (GI)  

and Senion 33.1). 

B - ,  

C O ~ C M A N D U S T R I A L  SOIL -CARCINOGENIC EFFEm 

7R = SF..xCxlU"'lcelm~ x EF x ED x IR,, + SF. x C x EF x ED x IR- x l/VF + IPEn 
BW x AT x 365 dayslyr BW x AT x 365 Qyyyr 

where: 

Parameters Dtfinluon furnu) 

%.here: 

Parameters Definitm funis) 

c, sol1 saturauon concentration (mS/ks) 
soil-watcr partition coefficient (ukg)  
organic carbon partltlon coctfinent ( U g )  

Icd 
orgame comenr ot soil (fmcfm) 

K, 
oc 
5 soluhliry (rn@-watcr) 
%l soil mOOulrc m e n : .  expressed as a weight fraction 
e m  sod rnolsture content. cxprcycd as L-waterRs-uzll 

Det2iult Value 

- 
lo" 
chemical-specific 
chemical-spcntic 
70 kg 
70 Yr 
z o  Qyslyr 
ZYr 
50 m9/day 
m m'/day 
chemia-spcalic (see Section 33.1) 
4.63 x l@rn'/kg (see -on 3.32) 

Default Value 

- 
chernical-spenric. or K, x OC 
ChermCal-SpeClfiC 
site-speak or 0.02 
chemical-speafic 
sire-speatic 
slte~pccltic 

~ ~~ ~ ~~ ~~ 

REDUCED EQUATION: COMMERCIALANDUSTRIAL SOIL - CARCINOGENIC EFFECTS 
Rak-basedPRG = 2.9 x IO-' 
(mgkg; TR = 1 0 4  [((S x 1 0 )  x SF,,) + (SF, x ( ( X N R  + (4.3 x IO?))]i 

-17- 
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THI = 

COMMERCWJNDUSTRIAL SOIL - NONCARCINOGENIC =FECI‘S 

c x  109kPhe  x E F x E D x I R ~  + C X E F . Y E D X I R X ( I F ~ F +  IPEF] 
RfD,x BW x ATx 36s days/yr R ~ D ,  x BW x AT x -355 dam 

C(mgkg; = THI x BW x AT x 36s d a w  
ED x EF x [(( l/RfD,) x 10” k g m 3  x IR,) + (( l/RfD,) x I R ,  x ( 1 M  + 1PEF))I Nk-1 

where: 

Parameters 

C 
THI 
R f D O  
RfD, 
B W  
AT 
EF 
ED 

1% 
VF 
PET 

Definition funits) 

c, = ( K , X S X % )  + (SX8, )  

where: 

Panmeren Definition funits) 

soil satumon ConECIltratron (mgkg) 
soil-water pamrion coeffiaent (Us) 
cvgamc earbon paruuon caeffiaent (Lkg) 
orgamc carbon content of rnll (fraction) 
solubiliry (rn-&water) 
coil rnomurc content. cxprcssed as a weight fraction 
soil momucc eontent. expressed as L-waterfig-roil 

Default Value 

- 
1 
chemical-SpeCIfiC 
chemical-speatic 
70 kg 
25 yr (always equal to ED) 
250 days/yr 
zyr 
SO mgtday 
20 m3/day 
chemual-speak (we Section -;.3.1) 
4.63 x 10’ m3kg (see Seaion 3.3.2) 

(7) 

Default Value 

- 
chtmrcal-speak or K, x OC 

site-spmr-k, or 0.02 
chemcal-speatic 

chemcal-spmtic 

site-speafic 
site-speafc 

REDUCED EQUATION COMMERCIAUINDU!3TRIAL SOIL - NONCARCINOGENIC EFFECTS 
Risk-- 
PRG 
THI = 1) 

where: 

RfD, 
ktD, 
VF 

- - 102 
[ (5 x lO”/RfD,) + ([l,RfD,) x ((20/vF) + ( 4 3  x lo+),,] 

= 
= 
= 

oral chronic reierena dose in nigkgday 
inhalation chronic reference dose in mflgday 
chemical-spatic wil-io-air votzzti1uzuion tactor in n r ” ~  (see Section X. I 

( 7 ‘ )  

I f  PRG > G, then set PRG = C, (where C, = wit saturatim concentnuon (mgkg): see Equation (;:I) and 
Secrion 3 3  I ) .  
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A chernioll-spealic value for VF is used in the 
standard default equations (Equations (6). (63. 
(7). and (7') ia Section 332) and is developed in 
Equation (8). The VF d u e  calculated using 
Equation (8) has been developed for speafic use in 
the other eguauons in this guidance; it may not be 
applicable in other technical contexts. Equation 
(8) lists the standard default parameten for 
calculating VF. If site-specific information is 
available. Equation (8) may be modified to 
calrulate a VF that is more appropnate for the 
particular site. Supporting references should be 
consulted when substituting site-speafic data to 
ensure char the model and specific parameters can 
be appropnatelv applied to the Siven site 

33.2 PARTICULATE EMISSION FACTOR 

The partidate emisston factor (PER reiares 
the contaminant concenvation in soil wth the 
concentration of respirable partides (PM in the 
air due to fusjitive dust emuions from surface 
contaminatioa sites. This relationship is derived 
by Cowherd (1985) for a rapid assessment 
procedure applicable to a typical hazardous waste 
site where the surface contamination provides a 
relatrvely continuous and constant potentla1 for 
emission Over an extended pen& of lime (e.3.. 
years). The particulate emissions from 
contaminated sites are due to wnd erosion and. 
therefore. depend on the erodibility of the suriace 

SOILTO-AIR VOLATILIZATION FACTOR 

VF(m'/kg) = [ L S X V X  DHI X (3.14 x a x nL2 
A (2  x D, x E x K, x l(r' kgg) 

w h m  

Standard default parameter values that can be used to reduce Equation (8) are listed below. These represcnt 'typical" 
values as identified tn a number of souras. For example, when ute-speafic mlues are not available. the length 01 a 
side of the contaminated area ( LS) IS 'assumed to be 45 m; tho is based on a contarmnated area ot 0.5 acre u hich 
appmmates the sue ot an average residentla1 lot. The 'rypical" values Ls. DH. and V are from EPA 19% Typial- 
values for E. OC. and pI are from EPA 1984. EPA 1988b. and EPA 1988f. Siuapeafic data should be substau~ed 
for the deraull values lsted lheluw wherorcr p 1 b I e .  Standard values for chemical-speafic D,, H. and K, can be 
obtained by calling the Supertund Health R s k  Technical Suppon Center. 

Default Panmcter Dtfimtion f units) - 
voliltiluation factor (rn'kg) 
length of side of contaminated area (rn) 
wind sped in mmng zone ( n t s )  
diffusion hei_eht (rn) 
area ot contamimtion rem') 
citcalve d l t f u s m y  (em's) 
true so11 porosity ( unitlcss) 
s o l b i r  panition coeniclent (g wil/cm' air) 

true sol1 density or panicutatc dencity [gem:) 
expasure interval ( 5 )  

rndecular diffuwty (cm?s) 
Henry's law a)nstani (atm-m.;niol) 
soil-water pitnition coeniaent (cm'/g) 
organic cirbon pn i t~on coetficient (cm-'/g) 
u r p m c  carbon content 01 wili (Iractitm) 

- 
4S m 
U m / s  
2rn 

D, x Ea3 
0.35 
(HG) x 41. where 41 LF a units 

2.65 gad 

20.250,Ooo cm' 

converSIon factor 

1.9 x Id s 
chemical-spcufic 

c h c m ~ - s p c a &  or K, x OC 
chemical-spenfic 
ute-spcclfic. or 0.02 

chemical-spmfic 



material The equation presented below, Equation 
(9). is representative of a surface with 'unlimited 
erosion potential." which is characterized by bare 
surfaces of finely divided material such as sandy 
agicultural sail with a large number ("unlimited 
reservoir") of erodible panicles. Such surfaces 
erode at  low wind speeds. and particulate emission 
rates are relatively time-independent at a given 
wind speed. 

This model was selected for use in 
RAGS/?iHEM Part B because it represents a 
conservative estimate for intake of particulates; it 
is used to derive Equations (6) and (7) in Section 
3.22 

Using the default parameter values given in 
the box for Equation (9),,tbe default PEE: is equal 
to 4.63 x lo9 m3/kg. The default values necesary 
to calculate the flux rate for an -unlimited 
reservoir" surface (ie.. G. U,. Up and F(x)) 3re 
provided by Cowherd (1985). and the remaining 
default values (Le.. for LS. V. and DH) are 
"typical" values (EPA 1986). If s i t e -spf ic  
information is available, Equation (9) may be 
modified to calculate a PEF that is more 
appropriate for the particular site. Agin. the 
original reference should be cvnsulted when 
substituting site-specific data to ensure 
applicability of the model to SpeCifK site 
conditions. 

PARTICULATE EMISSION FACTOR 

X LS x V x DH x .W shr 
A 

Definition (units) 

parucuhte e r m ~ ~ ~ ~ l  h o r  (m-'/kg) 
wdrh of contammted area (rn) 
wad speed in rmxlng zone (m/s) 
diffusion height (m) 
area or mtannnarion (m') 
resptrabie fraction (gd-hr )  
fracuon of vegetatwe cover (unitlm) 
mean annual mnd specd (Ws) 
equnalent threshold value ot wind spe 

funman dependent on U,,,/U, ( unitless) 
at 10 rn (m/s) 

d 

Default - 

loo0 zke (9) 
0.036 x ( 1 4 )  x (U$,f x F(x) 

4.63 x io9 
45 m 
u S m / s  
2 r n  
2025 rn2 
0.036 gm'hr 
0 
4.5 m/s 
128 m/s 

0.0497 (determined using Cowherd 1985) 

1 

3.4 CALCULATION AND 

BASED BRGs 
PRESE'ATION OF RISK- 

The equations presented in this chapter a n  be 
used to calculate risk-based PRGs for both 
carcinogenic and noncamnogenic effects. If both 
a carcinoeenic and a noncarcinoeenic risk-based 
PRG 3re calculated for a Darticular chemical, then 

t h e  lower-of the two Values is considered the 
a m r o m a t e  risk-based PRG for anv eiven 
contaminant. The case-study box below illustrates 
a calculation of a risk-based PRG. A summav 
table - such as that in the final case-study box - 
should be developed to present both t h e  nsk-based 
PRGs and the ARAR-based PRGs. The table 
should be labeled as to whether it presents the 
concentrations that were developed durins scoping 
o r  after the baseline risk assessment. 

I 
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CASE STUDY: CALCUlATE RISK-BASED PRGd . 
Ridr-bad PRGs for p u n d  water iw rrophomnc, one of the chamak dueetcd in ground-water rnomtonnS 

wclk at rtlc slu, arc ~lcula ted  below. Imttal mk-baxd PRGs for isophorone (CarMOg~nw and noncarcmquuc 
. effcas) a n  d e d  uslng Equations (1') and (2') m Section 3.1.1. Equattons (1') and (2') combme the taxiclty 
informaxian of the chtrntral (oral RfD of 0.2 mylcg4ay and oral SF of 0.0039 [mglkgdayj": inhalafm mlua arc 
not amiable and. thercfon. only :he oral acposure route IS cons~ered) wmh s~andard exposure parameters. The 
calculated conanrra:ions in m-gL correspond :o a target nsk of 100 and a tar@ HQ of 1. as follows: 

Carcmogmrc = 1.7 x IO" Nunurnnogenic = 73 
risk-based PRG 2(SF,) nsk-bad PRG mfD, 

= 7 3  = 1.7 x IO4 - 
2( 0.0039) yo2 

= 0.022 mgL = 73mgtL 

The lowcr of the two values ( LC. 0.022 mgR) is seleaed as the a-e nsk-based PRG. Rnk-Mxd PRGs are 
calculated mlarly for the other chemmb of concern. 

' All information in [ha example IS for illustration pu'poses only. 

CASE STUDY: PRESENT PRCs DEVELOPED DURING SCOPING' 

Site: XYZ CO. 
Location: Anytown. m a t e  
Medium- Ground Water 

Land Use: Resdemal 
Exposure Koutes: 

VOlatlles 
Water ingesuan. Inhalation of 

RSk-bascd PRGs 
( m@)' --based PRG 

Chemical 
IO" HO = I Type Conccnuauon (rngn) 

Benzene I - - MCL 0.005 
Carbon Tetrachlonde - - MCL 0.005 
Erhylbenrtne - - MCLG 0.7"' 

I MCL 0.7 
Hexane - 0 33 - - 
Isophoronc 0.022" 7 3  - - 
Tnallate - u Jl - - 
1,1,2-Trichlometbane - - MCLG 0.003"' 

I MCL 0.ms 
Vinyl chlonde ' - - MCL 0.002 l 

a 

* 
All information in this example is for illustration pu'poscs only. 
These conanrrations were calculated uung the standard detault equations in Chapter 3. 
Of the two potenttat rsk-&sed PRGs tor t h s  chemical. this concentratton IS the seltaed nsltbased PRG. 
Of the two potentla1 ARAR-based PRGs for thu chemical. [his concentration IS selectcd as [he 

... 
based PRG. 
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This chapter presents standardized exposure 
parameters. derivations of risk equations. and 
"reduced' equations for calculating risk-based 
PRGs for- radioactive contaminants for the 
pathways and land-use scenarios discwed in 
Chapter 2 In addition. a radiation site case study 
is provided at the end of the chapter to illustrate 
(1) how exposure! pathways and radionuclides of 
potential concern (including radioacthe decay 
products) are identified. (2) how initial risk-based 
PRGs for radionuclides are calculated using 
reduced equations based on informanon available 
at the scoping phase. and (3) how risk-based PRGs 
can be re-calculated using full risk equations and 
site-specific data obtained during the baseline risk 
assessment. Chapters 1 through 3 and Appendices 
A and B provide the basis for many of the 
assumptions. equations. and parameters used in 
this chapter. and therefore should be rewewed 
before proceeding further into Chapter 4. Also. 
Chapter 10 in RAGSMHEM Part A should be 
consulted for additional guidance on conducting 
baseline risk assessments at sites contaminated 
with radioactive substances. 

9 

In general. standardized default exposure 
equations and parameters used to calculate risk- 
based PRGs for radionuclides are similar in 
structure and function to those equations and 
parameters developed in Chapter -: for 
nonradioactive chemical caranogens. Both types 
of risk equations: 

Q Calculate risk-based PRGs for each wrcino_een 
corresponding u) a pre-specified target cancer 
risk level of lod. As mentioned in Section 
2.8, target risk levels may be modified arter the 
baseline risk assessment based on site-specific 
exposure conditions. technical limitations, or 
other uncertainties. as well as on the nlne 
remedy selection criteria specified in the NCP. 

e Use standardized default exposure parameters 
consistent with OSWER Directive 9235.6-03 
(EPA 1991b). Where delaullt parameters are 

not available in that guidance document other 
approp-e reference values are used and 
cited. 

o Incorporate pathway-specific default exposure 
factors that generally reflect RME conditions. 

There are, however, several important areas in 
which risk-based PRG equations and assumptions 
for radioactive contaminants differ substantially 
from those used for chemical contarmnants. 
Specifically, unlike chemical equations. risk 
equations for radionuclides 

Accept input quantities in units of activity 
(e.&, piaKurig (pCi)) rather than in units of 
mas (e.& milligrams (ma). Activity units are 
more appropriate for radioactive substances 
because concentrations of radionuclides in 
sample media are determined by direct 
physical measurements of the activity of each 
nuclide present. and because adverse human 
health effects due to radionuclide intake or 
exposure are directly related to the amount. 
type, and energy of the radiation deposited in 
specific body tissues and orgns. 

Consider the carcinogenic effects 01 
radionuclides only. EPA desisnates a11 
radionuclides as Class A carcinosens based on 
their property of emitting ionizing radiation 
and on the extensive weight of epidemiologcal 
ewdence of radiation-induced cancer In 

humans. At most CERCLA radiation sites. 
potential heaith risks are usually based on the 
radiotoxiaty, rather than the chemical toxicity. 
of each radionuclide present. 

Use cancer slope factors that are hest 
estimates (Le.. median or 50th perccntilc 
values) of the age-averayd. lifetime cxccss 
total cancer risk per unit  intake of 3 

radionuclide (e-g.. per pCi inhaled or ingested) 
o r  per unit external radiation exposurc (c.s.. 
per mtcroRoenigen) IO ;amma-zmltring 



radionuclides. Slope factors given in IRIS and 
HEAST have been calculated for individual 
radionuclides based on their unique chemical. 
metabolic and radiological properties and 
using a non-threshold. linear dose-response 
modeL This model accounts for the amount 
of each radionuclide absorbed into the body 
from the gastrointestinal tract (by ingestion) 
or through the lungs (by inhalation). the 
distribution and retention of each radionuclide 
in body tissues and organs. as well as the age. 
sex. and weight of an individual at the time of 
exposure. The model then averages the risk 
over the lifetime of that exposed individual 
(ic. 70 years). Consequently, radionuclide 
slope factors are expressed as a function of 
body weight or time, and do require 
co~~eaions for gastrointestinal absorption or 
lung transfer efficiencies. 

Risk-based PRG equations for radionuclides 
presented in the following sections of this chapter 
are derived initially by determining the total risk 
posed by each radioactive contaminant in a given 
pathway, and then by rearranging the pathway 
equation to solve for an activity concentration set 
quai to a target cancer risk level of IO". At the 
scoping phase. these equations are "reduced" - and 
risk-based PRGs are calculated for each 
radionuclide of concern - using standardized 
exposure assumptions for each exposure route 
within each pathway and land-use combination. 
After the baseline risk assessment PRGs can be 
recalculated using full risk equations and site- 
specific exposure information obtained during the 
R I. 

4.1 RESIDENIl4L LAPID USE 

41.1 GROUND WATER OR SURFACE 
WATER 

Under the residential land-use scenario, rlsk 
from ground-water or surface water radioactive 
contaminants is assumed to be due prunanly to 
direct ingestion and inhalation of volatile 
ridionuclida released from the water to indoor 
air. However. because additional exposure routes 
(e.%. external radiation e.posure due IO 
immersion) are possible 31 some sites for some 
radionuclides. while only one exposure route may 
be relevant at others. the risk assessor always 
should consider 311 relevant exposure routes and 
add or modify exposure routes as appropriate. 

In the case illustrated below. risks from the 
two default exposure mutes are combined. as 
fallows: 

 tom^ r s k  9 Risk from mgcsrion of radionucfides 
from water in water (adult) 

+ Risk from indoor ~nfialat~oa of volaflle 
ndionuclldts released from water 
('adult) 

At the scoping phase, rlsk from indoor 
inhalation of volarrle radionucfides is assumed to 
be relevant only for radionuclides with a Henws 
IAW constant of greater than 1 x 10.' atm-m3/mole 
and a molecular weight of less than 200 @mole. 
However, radionuclides that do not meet these 
criteria also may, under cen;un site-speafic water- 
use conditions, be volatilited into the air from 
waier. and thus pose significant site risks (and 
require nsk-based goals). Therefore. the ultimate 
decsion regarding which contaminants should be 
considered must be made by the rlsk assessor on a 
site-specific basis following completion of the 
baseline risk assessment 

Toal carcinogenic risk is calculated for each 
radionuclide separately by combining its 
appropriate oral and inhalation SFs with the two 
exposure pathways for water, as follows: 

Toral nsk  = SF, x Intake from ingesuon of 
of radionuclides 

+ SF, x Intake rrom inhalation of 
vohrL radionuclides 

By including appropriate exposure parameters for 
each type of intake. rearrangins and combining 
exposure terms in the total ruk equation. and 
setting the target cancer risk level equal to 10". 
the risk-based PRG equaiion is derived as shown 
in Equation (LO). 

Equation (IO.-). presented in the next box. is 
the reduced version of Equation (LO) based on the 
standard default values listed below. I t  is used to 
calculate risk-based PRGs for radionuclides 'in 
water at a pre-specified cancer risk level of lo4 by 
combining each radionuclide's Ioxiciv data with 
the standard default values for residential land-use 
exposure parameters. 

After the baseline risk assessment. t h e  risk 
3ssesor may choose to modify one or more of the  
cxposure parameter default values or assumptions 
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I REDUCED EQUATION FOR RADIONUCLIDE PRCs I 
I RESIDENIUL WATER - CaaNocmxc m c r s  

Total ruk 

RW ( p C i  
rtsk-cllacd) 

where: 

Parameters 

RW 
TR 
SF, 
SFo 
EF 
ED 
IR, 
IR, 
K 

I 

= [SFox RWxlIR,x  EFx ED] + (SF, x RW x Kx IR,x E F x  ED] 

TR 
EF x ED x [(SF, x 1%) + (SF, x K x I S ) ]  

- - 

Detinition tuniu) Default Value 

I 1 where: 

SF* = oral ( inp ion)  slopc factor (nWpCi) 
SF, = inhalatm Uope factor (nsk/pC1) 

in the risk equations to reflect site-specific 
conditions. In this event, radionuclide PRGs 
should be calmlared using Equation (10) instead of 
Equation (10'). 

4.12 SOIL 

Under residenttal land-use conditions. rlsk 
from radionuclides in soil is assumed to be due to 
direct ingestion and external exposure to gamma 
radiation. Soil ingestion rates differ for children 
and adults. therefore age-adjusted ingestion rate 
faaors are used in the soil pathway equation 
Calculation of the risk from the external radiation 
exposure route assumes that any gamma-emitting 
radionuclide in soill is uniformly distributed in that 
b o i l  within a linite soil depth and densitv. and 
dispersed in an infinite plane geometry. 

The calculation of external radiation exposure 
risk also includes two additional factors, the 
gamma shielding factor (S,) and the gamma 
exposure time factor (TJ. which a n  be adjusted to 
account for both attenuation of radiation fields due 
to shielding (e.& by Slructura. terrain. or 
engineered barriers) and for eyposure times of less 
than ?&hours per day, respectively. S, is expressed 
as a fractional value between 0 and 1, delineating, 
the possible risk reduction ranse from 0% io 
IoOSo. respectively. due  to shielding. The default 
value of 02 for S, for both residential and 
commeraal/industrid land-use scenarios reflects 
t h e  initial consenmive assumption of P 20% 
reduction in emcrnal expuurc due to shielding 
from structures (see EPA 1981). T, is expressed 3s 
ihe quotient of the daily number of hours an 
individual is exposed direcily t o  an aternall 
rxlniion field divided by the total number of 
exposure hours assurncd each day lor a given land- 

-; j. 

. -. 



use scenario (Le., 24 h o r n  for residential and S 
hours for commerciai/indusW). The default 
value of 1 for Te for both land-use scenarios 
reflects the conservative assumptions of a 2 t h r  
exposure duration for residential populations (i.e.. 
2424 = 1) and an &hr exposure duration for 
workers (Le.. SB = 1). Values for both factors can 
(and, if appropriate, should) be modified by the 
risk assessor based on site-specific conditions. 

In addition to direa ingestion of soil 
contaminated with radionuclides and exposure to 
external radiation from gamrna-emitting 
radionuclides in soil, other soil exposure mutes are 
possible, such as inhalation of resmpended 
radioactive panicles. inhalation of volatile 
radionuclides, or  ingestion of foodcrops 
contaminated by mot or leaf uptake. The risk 
assessor should therefore identiry all relevant 
exposure routes within the soil pathway and. if 
n e e s a p ,  develop equations for risk-based PRGs 
that combine these exposure routes. 

In the case illustrated below. the risk-based 
PRG is derived to be protective for exposure from 
the direct inzestion and external radiation mutes. 
Total risk from soil due to ingestion and external 
radiation is calculated as follows: 

Total risk = Risk from direa ingsuon of radio- 
from soil nuclides in soil (child to adult) 

+ Risk from Qtterna1 radlation from 
gunmacrmtting radionuclides m soil 

Total risk for carcinoSenic effects from each 
radionuclide of potential c o n e m  is calculated by 
combining the appropriate oral slope factor. SF,, 
with the total radionuclide intake from soil, plus 
the appropriate external radiation slope factor. 
SF, with the radioactivity concentration in soil: 

. 

Total mk = SF, x Intake from direct ingestan 
of soil 

+ SF, x Conccnuation of gamma- 
ermtLin3 r a d r o n u c l i  In soli 

Adding appropriate parameten. then combining 
. and rearranging the equation to solve For 

concentration. results in Equation (1 1). 

Equation (11') is the reduced version of 
Equation (1 1) hased on the standard default values 
listed below. Risk-based PRGs for radionuclides 

in soil are calculated for a pre-specified cancer risk 
level of 109 

m 

The age-adjusted soill ingestion fanor 
(IF,,,,MJ) used in Equation (11) takes into account 
the difference in soil insestion for two exposure 
groups -children of one to six years and all other 
individuals from Seven to 311 years. IF,,,,, 6 
calculated for radioaaive contaminants as shown in 
Equation (It). Seaion 3.1.2 prowdes additional 
discussion on theap-adjusted soil ingestion factor. 

If any parameter values or exposure 
assumptions are adjusted afrer the baseline risk 
sessment  to reflect site-specific conditions. soil 
PRGs should be calculated using Equation (1 1). 

4.2 COMMERCWINDUSTMAL 
LAND USE 

4 . ~ 1  WATER 

Under the mmmercial/industrial land' use 
s~enario. risk-based PRGs for radionuclides in 
ground watef (and for radionuclides in surface 
water used for drinking water purposes) are based 
on residential exposures and calculated according 
to the procedures detailed in Section 41.1 (see 
Section 3.21 for the rationale for t h s  approach). 
Risk-based PRGs should be calculated considering 
the possibility that both the worker and general 
population at large may be exposed to the same 
contaminated water supply. 

4.22 SOIL 

Under the mmmerciaUindustrial land use 
bcenario. four soil exposure routes - direct 
ingestion. inhalation of volatile rxJionuciides. 
inhalation of resuspended radioactive particulates. 
3nd external exposure due to gmma-emitting 
radionuclides - 3re combined to c-alculate risk- 
based radionuclide PRGs in soil for adult worker 
exposures. Additional exposure routes (e.& 
insation of foodcrops contaminated by 
radionuclide uptake) are possible at some sites. 
while only one exposure mute (eg.. external 
radiation exposure only) may be relevant at others. 
The risk -or should therefore consider and 

all relevant soil exposure routes. as 
n e c a s p  and appropnate. h a d  on site-specific 
ccmdiIions. 

I 
I 
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TotalmL = 

RS (pCllg: = 
nsk-based) 

*err: 

Parameters 

Rs 
I T R  

SFO 
SFe 
EF 
ED 
F-=w 
D 
SD 

I. - .  

REDUCED EQUATION FOR RUMONUCUDE PRGs: 
RESIDENTIAL SOIL - CARCINOGENIC EFFECLS 

RADIONUCLIDE PRGS: RESIDENTIAL SOIL - CARClNOGEhnC -CIS 

RS x [(SF, x lO-'S/m_c x EF x IFd,,,]) + (SF, x ldgkg x ED x D x SD x ( l-Se) x T,)] 

, 

TR 
(SF, X 1 0  X EF x IFddl) + (SF, x I d '  x ED x D x SD x (l&) x T,) 

where: 

SFO = oral (ingestion) slope factor (nsUpCi) 
SFe = external exposure slope tactor ( r a w  per pCi/m') 

Definition (units) 

tadumuefide PRG m so11 (pCi/& 
raw excess indlndual lifewm cancer mk (unitless) 
oral (ingcstm) slept faaor (nsk/pc1) 
external cxpasure slope faaor (rsk/yr per pG/mL) 
-= frrquency (days/yr) * 

"posure dUraU0n (yr) 
ageadjusted xgl mgestion faam (mg-yr/day) 
depth of radionudides in sod (m) 
 SO^ denstty (IC&) 
gamma shielding fanor (unitless) 
gamma exposure tune ham (unitless) 

Default Value 

- 
lcp 
radionuclrde-spfic 
fadUXlUClIdC-SpeafiC 
350 dayslyr 
30 F 
3600 rng-yrklq (see Equauoa (12)) 
0.1 m 
1.43 x Id k g d  
0.2 (see Seam 4.1.2) 
1 (see Sealon 4.1.2) 

I 

, 
I Risk-barcdPRG 
' (pG& TR = 109) 

1 x 10- 
13 x ld(SFo) + 3.4 x IO" (SF,) 

I AGE-ADJUSTED SOIL INGESTION FACTOR 

Dehtim funns) 

.- 
-.> I - 
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In the case illustrated below. total risk from 3-23 SO IL-TO- A I R VOLATILIZATION 

radionuclides in soil is calculated as the summation 
of the individual risks from each of the four 
exposure routes listed above: 

FACTOR 

The VF. defined in Section 33.1 for chemicals. 

Total.rlsk = 
from sol1 

+ 

+ 

+ 

Risk from direa mgestlon of radio- 
nuclides m soil (worker) 

Risk from mhakatm of \&inie 
radionuclides (worker) 

Risk from mhalatlon of resuspended 
ndioactwe panm~lata (worker) 

Total risk for carcinogenic effects for each 
radionuclide is calculated by combining the 
appropriate ingestion. inhalation. and external 
exposure SF values wih relevant exposure 
parameten for each of the four soil exposure 
routes as follows: 

Total = SF, x Intake from dmct rnyestion of 
risk radionuctides in sol1 (arorker) 

+ SFi x Intake frominhalationof 
volatile radionuclides (worker) 

+ SF, x Intake fmm inhalation oi r a u s -  
pnded radloaalve particulates 
( w r w  

+ SF, x Concentntionof~amma-emirting 
ndionndides in soi l  (worker) 

Adding appropriate parameters, and then 
combining and rearranging the equation to solve 
for concentration. results in Equation (13). 

Equation (13') below is the r e d u d  version of 
Equation (13) based on the standard default values 
below and a pre-specified cancer risk level of lo4. 
It combines the toxicity information of a 
radionuclide withstandard exposure parameters for 
commerciaVindustria1 land use to generare the 
concentration of that radionuclide correspondins 
to a lo4 carcinogenic risk level due to that 
radionuclide. 

If  any parameter default values or assumptions 
are changed after the baseline ruk assessment to 
reflect site-specific Lwndiliom. rsdionuclide soil 
PRGs should be derived using Equation ( 13). 

also applies for radioactive contaminants with the 
followiny exceptions. 

o Most radionuclides are heavy metal elements 
and are non-volatile under normal. ambient 
conditions. For these radionuclides. VF values 
need not be calculated and the  risk due to the 
inhalation of volatile forms of these nuclides 
can be ignored for the  purposes of 
determining PRGs. 

o A few radionuclides. such as carbon-14 (C-14). 
triuum (H-3). phosphorus-32 (P-32). sulfzlr-35 
(S-35). and other isotopes. are volatile under 
certain chemical or envimnmen tal conditions. 
such as. when they are combined chemically 
with volaxile organic compounds (Le.. the so- 
called radioactively-labeled or "uged"  organic 
compounds), or when they can .exist in the 
enwronment in a variety of physical forms. 
such as C-14 labeled carbon dioxide (CO:) gas 
and tritiated water vapor. For these 
radionuclides, VF values should be calculated 
using the Hwang and Falco (1986) equation 
provided in Section 3.3.1 based on the 
chemical species of the compound with which 
they are associated 

o The naturally occurring. non-volatile 
radioisotopes of radium, namely Ra-226 and 
Ra-224. undergo radioactive decay and form 
inen. gaseous isotopes of radon, Le, Rn-222 
(radon) and Rn-220 (thoron). respectively. 
Radioactive radon and thoron gses emanatc 
from their respective parent radium isoropes 
in soil. scape into the air. and a n  pose 
cancer risks if inhaled. For Ra-216 and Ra- 
224 in soil. use the default values shown in the 
box on p a p  Jo for VF and for SF, i n  
Equation (12). and Equation (12*). 

4.3 RADIATION CASE STUDY 

This section presents a case study of 3 
hypothetical CERCLA radiation site. the ACME 
Radiation Co. site. to illustrate the process of 
alculating pathway-specific risk-based PRGs for 
radionuclides using the risk equations and 
ahsurnptioiis presented in the precedins sections of 
this chapter. The radiation site case sludv IS 

modeled atter the XYZ Co. site study discussed i n  
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'NOTE: See serslon 4 3 3  when calculating PRGs tor RJ-226 and Ra-224. * 
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I RADIONUCLIDE FRCr COMMERCIALANDUSTRIAL SOL - C A R C l N O C ~ l C  EFFECfS 

Total 
Nk 

= RS x ED x [(SF, x 10-3ghn~ x EF x 1%) + (SF, x lCf& x EF x iR,  x IFrF) 

+ (SF, x l@g/ltg x EF x 1% x t/PEF) + (SF, x l@@# x D x SD x (I-SJ x T,)] 

Rs - TR (13) 
(pci/g; 
n C r ; M )  

where: 

Parameters Defimtion fumls) Default Value 

- 
ED x [(SF#l@%EFxI%) + (SF#&EFXlR,) x ( I N F  + 1PEF) + (SFpl~XrwDx(l-Se)~Te)] 

- 
106 
radionudide-speatiE 
radionuctidc-Speofic 
radinnUmc-spcaIii 
250 daysryr 
zyr 
20 m 3 / ~  
50 mSMay 
rsdionuchdcJptafic I scLkamn 423)  
4.63 x IO9 m3kg (see Section 3.3.2) 
0.1 m . . 
1.43 x Id kg/nr' 
0.2 (see Sectton 4.12) 
1 (sce seam 41.2) 

I 

0 -.  , .. ~ d 1 . 1 . 1 1 1 1 .  - . I. ,, , , . , I 

REDUCED EQUATION FOR RADIONUCLIDE FRGc 
COMMERCIAUINDUSTRIAL SOIL - CARCINOGENIC EFFECTS' 

RSk-bc=d PRG = 1 x 104 ( I ; ' )  
(pCUg: TK = 105 [(3.1 x lO'(SF,)) + (( 13 x l@/W + 2.7 x IO') (SF,)) + (2.9 x 10" (SF,))] I 

Chapters 2 and 3. It generally follows a two-phase 
format whit* consists of a "at the scoping stage" 
phase wherein rak-based PRGs for radionuclides 
of potentlal c o n e r n  a re  calculated initnlly using 
reduced cquations based on P M I  data. and then 
3 second. "after the baseline risk assessment" phase 
wherein radionuclide PRGs are recalculated using 

full equations and modified site-specific ,parameter 
values based o n  RIFS data. 

Following an  oveniew of the hlstop and 
current status of the site presented in Section 4.3.1. 
Section 4.3.2 covers a number ot important steps 
inkcn early in the scoping phase LO calcuiatc: 
p l i r n i n a p  risk-based PRGs murn ing  3 specific 

-3% 

-3t 



SOIL DEFAULT VALUES FOR VF AND SF, 
FOR Ra-226 AND b-224 

Defaull VF Inhalation 

Faaor. SF, 
Value slope 

Radium 

Ra-226 S LlE-11 

Ra-224 200 4.x- 1 1 

Calculated w n s  values taken from NCRP 
1976 and UNSCEAR 1- Assumpiom: (1) an 
avera3c Ra-226 sol1 concentratton of 1 p 3 g  
asxloatcd with an average am- Rn-222 atr 
conomration of 120 p c i i  and (2) an average 
Ra-224 sod collccntration of I pCi/g assoclatcd 
wth an average mbien1 Rn-220 aE concentraiion 
O ~ S  pCi/m'. 

** Slope factor values are for Rn-222 (plus 
. pmseny) and for Rn-220 (plus progeny). 

land-use scenario. Sea ion  4.33 then discuses how 
initial assumptions and calculations can1 be 
modified when additional site-specific information 
becomes available. 

43.1 SlTEHIflORY 

The ACME Radiation CO. sire is an 
abandoned industrial facility consisting of a large 
factory building situated on ten acres of land 
surrounded by a highdensity residential 
neighborhood. Established in 1925. the ACME 
Co. manuhctured luminous watch dials and gduges 
using radium-based paint and employed 
approxlmately 100 worken. most& women. With 
the declinink radium market. ACME phased out 
dial production and expanded its operations in 
1960 to include brokering (collection and disposal) 
of low-level radioactive waste (LLW). After the 
company was issued a state license in 1961. ACME 
began receiving LLW from various nearby 
hospitals 3nd research laboratories. In 1975. aaing 
on 3n anonymous complaint of suspected 
mahandl in~  of radioaaive waste. state officials 
visited the ACME Co. site and cited the company 
for numerous storag and disposal violations. 
After ACME failed to rectify plant Lunditions 
identified in initial and subsequent nutions. the 
state first suspended. 3nd thcn later revoked i t s  

opcnting license in 1979. Around the  same time. 

officials detected radium-226 (Ra-226) 
contamination a t  a few neighboring locations off 
site. However. no action was taken apmt  the 
mmpany at that time. When ACME filed for 
bankruptcy in 1985. it closed ils facilip before 
cornpietins cleanup. 

In 1987. the state and EPA conducted an 
3erid gamma survey over the ACME Radiation 
Co. site and surroundins properties to investigte 
the  potential extent of radioactive contamination 
in these areas. The overflight survq  revealed 
several a r e s  of elevated exposure rate readings. 
although individual gamma-emitting radionuclides 
muld not be identified. When follow-up Found 
level surwys were performed in 1988. numerous 
"bot spots" of Ra-226 were pinpointed at  vanous 
locations within and around the factory building. 
Three large soil piles showing enhanced 
concentrauons of Ra-226 were discovered along 
the southem border. Approximatelv 20 rusting 
drums labelled with LLW placards 3150 were 
discovered outside under a covenxi storage area. 
Using, ground-penetrating radar. EPA detected 
subsurface magnetic anomalies in a few locations 
within the properly boundary which sugested the 
possibility of buried waste drums. Based on 
interviews with people living near the site and with 
former plant workers. the state believes that 
radium contaminated soil may have been removed 
from the ACME site in the pas1 and used locally 
Y fill material for the construction of new homes 
and roadbeds. Site access is currently Iimiced (but 
not entirely restricted) by an exsting security 
fence. 

In 1988. EPA's resional field investigation 
team completed a PA/SI. Based on the P M I  
data. the ACME Radiation Co. site scored above 
23.50 using the HRS and was listed on t h e  
National Priorities List in 1989. b r l y  in 1990. 3n 
RVFS was initiated and a baseline risk assessment 
IS currently in progress. 

53.2 AT THE SCOPINC PHASE 

In this subsection. several steps are outlined-to 
show lby example how initial site data are used at 
the scoping phase to calculate risk-based PRGs for 
radionuclides in specific media of concern. 
Appropnate sections of Chapters 2 and 3 should 
he consulted for more detailed explanations tor 
c3ch step considered below. 
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Identify Media of Conrcm. A luge stream 
rum along the western border of the site and feeds 
into a river used by some of the local residents for 
fishing and boating. Supplemental water intake 
ducts for the municipal water treatment plant are 
Icmted approxirnately300 yards downrtver.and the 
site is situated Over an aquifer which sew6 as the 
primary drinking water suppIy for a community of 
approxima~ely 33.000 people. 

Anal-vses of ground water, soil. and stream 
sediment samples taken during the PA61 revealed 
significant levels of radionuclide contamination. 
Potential sources of contamination include the soil 
piles. process residues in soil. and radionuclides 
leaking from buried drums. Air filter samples and 
surface water samples from the stream and river 
showed only backpound levels of activity. 
(Background concentrations were determined from 
analyses conducted on a limited number of air. 
ground water. surface uater. and soil samples 
collected approximately one mile from the site.) 

The data show that the media of potential 
concern at this site include ground water and soil. 
AJthouSh stream water and river water were not 
found to be contaminated. both surface water 
bodies may become CmtamiMted in the future due 
IO the migration of radionuclides from sediment. 
from the exposed soil piles. or from lealung drums. 
Thus.surface water is another medium of potential 
concern. 

For simplicity, only soil will be discussed as 
the medium of concern during the remainder of 
this w e  study. Procedures discussed for thls 
medium can nevertheless be applied in a similar 
manner to all other media of concern. 

Identify Initial List of Radionuclides of 
Concern. The P A S 1  for the ACME Radiation Co. 
site identified eleva~ed concentrations of five 
r3dionuclides in soil (Ra-226. tritium (H-3). 
carbon-14 (C-14). cesium (Cs-137). and strontium 
(Sr-90)). These comprise t h e  initial list of 
radionuclides of potential concern. 

Site records indicate that radiosotopes of 
cobalt ((3-60). phosphorus (P-32). sulfur 6-35), 
and 3mericium (Am-241 and Am-243) were 
included on the manifests olseveral LLW drums in 

the storage area and on the manifests 0 1  other 
drums suspected to be buried onsite. Therefore. 
although not detected in any of the initial1 soil 
samples analyzed. Co-60. P-72. S - 3 .  .--241. and 

Am-243 are added to the list for thn medium 
beciuse of their potential to migrate from leaking 
buried drams into the surbunding soil. 

Identify Probable h a d  Uses. The ACME 
Radiation Co. site is Located in the center oi a 
rapidly developing suburban community compnscd 
of single and multiple family dwellings. The 3re3 
immediately encircling the site %as recently re- 
zoned for residential use only: exisring commercial 
and light industrial facilities are currently being 
relocated. Therefore. residential w IS delermined 
IO be the most reasonable future Land use for this 
si te 

ideatifl Exposum Pathways, Panunetas, and 
Equations. Durins the scoping phase. available 
site data were neither sufficient to identify 311 
possible exposure path- nor adequate enough 
to develop site-specific fate and transport 
equations and parameters. Therelore. in order to 
calculate initial risk-based PRGs for ndionuclides 
of potential concern in soil. the standardized 
default soil exposure equation and assumptions 
provided in this chapter for residential Iland use in 
Section 4.1.2 are selected. (Later in this c s e  study. 
examples are provided to illustrate how the full 
risk equation (Equation (11)) and assumptions are 
modified when baseline risk assessment data 
become available) 

For the soil pathway. the e.xposure routes o f  
concern are assumed io be direct ingestion oi soil 
contaminated with radionuclides and exposure to 
external radiation from clamm3-emiiting 
radionuclides. Again. although soil is the only 
medium discussed throughout this case study, 
exposure pathways. parameters. equations. 3nd 
cventually risk-based concentrations would need t o  
be identified and developed for all other media and 
cxposure pathways of potential concern at Jn 
actual site. 

Identify Toxicity Information. To c3lcul~te 
media-specific risGbased PRGs. reference toxicity 
values for radiation-induced cancer effccts are 
required (Le.. SFs). As stated previously. soil 
ingestlot? and pternal radiation are the exposure 
routes of concern for the soil pathway. Toxicity 
information (Le.. oral. inhalation, 3nd extern311 
exposure SFs) for all radionuclides 0 1  potcntiall 
concern at t h e  ACME Radiation Co. sitc 3rc 
obmined from IRIS or HEAST. 3nd 3re shown in 
I he box on the following page. 
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calcuiate Risk-based PRGs At this step. risk- 
based PRGs are calculated for each radionuclide of 
potential concern using the reduced risk Equation 
(11 *) in Section 4-12, SF values obrained from 
IRIS and HEAS". and standardized default values 
for parameters for the residential land-use 
scenario. To calculate the risk-based PRG for Co- 
60 at a pre-specified target risk level of lo4, for 
cxample. its ingestion SF of 1.5 x 10" and its 
external exposure SF of 13 x are substituted 
into Equation (11'). along with the standardized 
default values. as follows: 

lRSk--based PRG = 1 x lod 
for co-60 
(pwp; TR = 103 

13 x lO'(SF,) + 3.4 x LOO (SF,) 

where: 

SF, = oral (ingestion) slope factor for cod0 = 1.5 x 
IO" (risWpG) 

SF, = external expasure slope faaor for cod0 = 13 
. X 10"' ( M T  fXf @/Ill') 

Substituting the values for SF, and SF, for Co-60 
into Equation (11') results in: 

Rak-based PRG for Cod0 (pCi/g; TR = IO&) = 

1 x 106 
[( 11 x Id )(IS x LCr") + (3.4 x I@)( 13 x 10'41 

= 0.002 pC1 of c o w g  of soil 

In a similar manner. risk-based PRGs can be 
calculated for all other radionuclides of concern in 
s o i l  at the ACME Radiation Co. site. These PRGs 
are presented in the next box 

4.33 A F T E R  THE BASELINE RISK 
ASSESSMENT 

In this subsection. several steps are outlined 
o.hich demonstrate h o w  site-specific data obtained 
during the  baseline risk assessment can be used to 
recalculate risk-based PRGs for radionuclides in 
soil. Approprxate Sections of Chapters 2 and 3 
should be consulted for more detailed explanations 
ior a c h  step considered below. 

Review Media of Concern. During the RI/FS. 
ramma r3diation surveys were conducted in the 
;3rds of Sever31 homes located within a two-block 
radius 01 the ACME Radiation Co. site. Elevated 
exposure ntes. ranging from approximately two to 
lour times the natural background rate. were 

RADIATION STUDY: 

~ I O N U C L M X ! S  IN SOILo 
RPSK-BASED PRCs FOR 

calcuiated for illunratm only usmg Equation 
(11 -) in Seaion 4.12. Values havc been rounded 

measured on properties immediately bordering the 
site. Measurements onsite ranged from 10 to 50 
times background. In both cases. enhanced soil 
concentrations of Ra-226 (and decay products) and 
several other gamma-emitting radionuclides were 
discoVered to be the sources of these elevated 
exposure rates. Therefore. soil continues 35 3 
medium of potential concern. 

ModiQ List of Radionuclides of Concern. 
During scoping. five radionuclides (Ra-226. H-3. 
C- 14. Cs-137. and Sr-90) were detected in elevated 
concentrations in soil samples collected at the 
ACME Radiation Co. site. These made up the 
initial list of radionuclides of potential concern. 
Although not detected d u m p  the first round of 
sampling. five additional ndronuclides (P-32. S-35. 
Goa. Am-241. and Am-243) were added to this 
list because or their poiential to migate from 
huried leakins drums info the surrounding soil. 

With additional RIiFS data. some 
radionuclides are now added to the list. while 
others are dropped For example. soil analyses 
iailed to detect P-32 (laday half-life) or S-35 (87- 
day half-life) contamination. Decay correction 
calculations strongly suggest that these 
r3dionuclides should not be present onsite in 

detectable quanulies afler an estimated burial time 
o f  30 yxrs. Therefore. haSed on these data. P-t? 
and S-35 are dropped from the lis[. So i l  data also 
conrirm that decay producv of Ra-226. Sr-90. Cs- 
1 - 7 .  m d  & n - X  (ideniliied in the first box helow) 



are present in secular equilibrium (Le., equal 
activity concentrations) with their respective parent 
isotopes. 

Assuming secular equilibrium. slope factors for 
the parent isotope and each of its decay series 
members are summed. Parent isotopes are 
designated with a "+D" to indicate the composite 

slope factoa of its decay chain (shown in bold facc 
in the second box below), Thus. Ra-ZX+D. Sr- 
W+D. Cs-l37+D. and Am-243+D replace their 
respective single-isotope values in the list of 
radionuclides of potential concern. and their 
composite SFs are used in the full soil pathwav 
equation to recalculate risk-based concentrations. 

RADIATION CASE STUDY DECAY PRODUCTS 

Decay Product(s) (Half-life) 

Rn-222 (4 days). PO-21s ( 3  min). Pb-214 (27 rnin), Bi-214 (20 
min). Po-214 (e I s). Pb-210 (22 yr). 61-210 (5 days), Po-210 

[ 1-18 davs) 

' Parent Ra&onucfide 

Ra-226 

~~ 

sr-90 Y-90 (I4 hr) 
, B3- I37m (2 mm) 
, (3-137 

I 
I 

Am-243 Np-239 ( 2  da?) I 
.. - 

II RADIATION CASE STUDY: SLOPE FACTORS FOR DECAY SERIES' 

Decav Sene 

Ra-226 
Rn-222 
Po-21s 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210 
Po-210 
h-T26+ D 
- 
Sr-90 

Sr-90+D 

cs- I37 
-137111 
Cs-l37+D 

- Y-90 

Slope Fnctors 
Inhalai ion I~ncauon 

j.OE-09 
7.2E- 13 
5SE-13 
2.9E- 12 
12E-12 
7.SE-19 
1.7E-09 

2.7E49 
7.SE-09 

S.1E-11 
- 
5.6E- 1 1 
5.SE-I2 
62E-11 

1.9E-11 
6.OE- 16 
1.9E-11 

l2E-IO - 
3E-1-1 
I .SE- 13 
1 .-LE- 13 
I .OE-20 
6.SE-10 
I.9E-12 
2.6E-10 
1.UE-W 

? ?E-111 
>.2E-12 
3.6E-11 

2.SE- I 1  
2IE-15 
=E-1 1 

~l All informarion in this ewmDle is tor illustration purphcs c)iIlv. 

1.E-13 
2 2 2 -  14 
O.OE+OO 
15E-11 
8.0E- I 1 
4.E-15 
1.8E-13 
O.OE+OO - 4SE-16 

' 9.6E-11 

O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
3.4E-11 
14E-11 
- 
3.6E-12 
11.1 E-1 1 
15E-ll 
- 

I 



0 
I 
I 
1 
E 
I 
I 
I 

I 

1 
I 

1 
I 

(Note: To ;iccount tor the revlsc0 upper-bound residcntnl residenq time ot 45 years, the ag-adjusted soil 
ingcsiion factor was recalculate0 using the equation in Section 3 1.2 and ail adult exposure duration 01 -39 ycars 
for indniduals 7 to 46 year, of age.) 

Review Land-anse Assumptions. At thls step. 
the future land-use assumption chosen during 
scoping is revlewed Since the original assumption 
of future residential land use is sapponed by RIFS 
dam. it is not modified. 

Modi@ Exposn~ Pathways, Parameters. and 
Equations. Based on site-specific information. the 
upper-bound residence time for many of the 
individuals living near the ACME Radiation CO. 
site is determined to be 45 years rather than the 
default value of 30 yean. Therefore. the exposure 
duration parameter used in Equation (11) in 
Section 4.1.2 is substituted accordingly. I t  is also 
determined that individuals living near the site are 
only exposed to the external gamma radiation fEld 
approximately 18 hours each day, and that their 
homes p m d e  a shielding factor of about 0.5 (Le.. 
50%). Therefore, values for T, and S, are changed 
to 0.75 (Le.. 18 hrn4  hr) and 05, respectively. 

Modify Toxicity information. As ducussed 
above in the section o n  modifying the list of 
radionuclides of Concern. oral inhalation. and 
external exposure slope factors for Ra-226. 9-90. 
Cs-137. and Am-243 were adjusted to account for 

the added risks (per unit intake andior cxposure) 
contriiuted by their rppeaive decay series 
members that are in secular equilibrium. 

Recalculate Risk-based PRGs. At this stcp. 
risk-based PRGs are recalculated for all remaining 
radionuclides of potential concern usins the full 
risk equation for the soil pathway (Le.. Equation 
(1 1)) modified by revsed site-spedfic assumptions 
regardin3 exposures. as discussed 3-e. 

To recalculate the mk-based PRG for Co-60 
at a pre-specified tarset risk level of 10". for 
example. its ingestion SF of 15 x lo-". and its 
external exposure SF of 1.3 x 10-" are substituird 
into Equation (11). along with other s i t e - s p f i c  
lparameters. as shown in the nen  box. 

In a similar manner, risk-based PRGs can be 
recalculated for all remaining radionuclides of 
potential concern in soil at the ACME Radiation 
Co. site. These revised PRGs are presented in the  
box on the next page. In th- a e s  where 
calculated risk-based PRGs for radionuclides are 
below current detection limits, risk assessors 
should contact the Superfund Health Risk 
Technical Support Center for additional guidance. 

1 
RADIATION C S E  S f U D Y  REVISED RISK EQUATION FOR RESIDENTIAL SOIL 

RS Tor COG0 (pCi/y; = TR 
risk -based) (SF, x IO" A EF s IF,,,,) t (SF, x lo' s ED s D x SD s ( 14,) x T,) 

whcre: 
= 0.003pC~lg 

Definition f units) 

radonucftdc PRG in soil (pCi!g) 
target excess indrndual Iirerime cincer rick (unitless) 
oral (mgcstion) slope !mor I ristvpCi) 
cx~anai exposure slope iacior (rismr p e r  pCl/m') 
exposyrc frqueney (da*>T) 
upasurc oulatlon (yr) 
agcadjuued soll ingestion factor (mg-yr:dq) 
depth of radronudidts in soil (rn) 
soil density (kghn') 
;amma shleldrng factor ( unitless) 
yamma exposure tmc tactor ( unitless) 

Rewxd Value 



RADIATION CASE STUDY: 
REVISED RISK-BASED PRCS FOR RADIONUCLIDES IN SOIL'' 

Radronudrdes RSk-hSCd So11 PRG ( W I / ~ )  

H-3 10.200 
Sr-!X+D 20 
C- 14 620 
cod0 0.003 
Cs-137cD 0.0 1 
Ra-226+ D 0.00s 
Am-241 0.2 
Am-243+ D 0.03 

I 
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In many cases. one or two chemicals will drive 
the cleanup a t  a site. and the resulting cumulative 
medium or site risk will be approximately equal to 
the potential risk associated with the individual 
remediation soak, for these chemicals. These 
"limitin_e chemicals" are Senerally either chemicals 
that are  responsible for much of the baseline risk 
(because of either high toxicity or presence in high 
concentrations), or chemicals that are least 
amenable to the selected treatment method. By 
cleaning up these chemicals to their goals. the 
other chemicals typically will be cleaned u p  to 
levels much lower than their corresponding goals. 
The example given in the box below provldes a 
simple illustration of this'pnnciple. 

T h e  actual circumstances for most 
remediations will be much more complex than 
those described in the example (e.g.. chemicals will 
be present at  different baseline concentrations and 

will be ueated/removed at differing r3tes): 
however. the same pnnciple of one or perhaps two 
chemicals limiting the site cleanup usually applies. 
even in more complex cases. 

Unless much is known about the performance 
of a remedy wth respect to all the chemicals 
present at the site, it may not be possible to 
determine which of the sile contaminants will drive 
the final risk until well into remedy 
implementation. Therefore. it senerally is not 
possible to predict the cumulative risk that will be 
present at the sire during or after.remediation. In 
some situations. enough will be k n o w  about the 
site conditions and the performance of the remedy 
to estimate post-remedy concentrations of 
chemicals or to identify the chemical(s) that will 
dominate the residual risk. If [his type of 
information is available. it may be necessary IO 
modify the risk-based remediation goals for 
individual chemicals. 

SIMPLE ILLUSTRATION OF A CHEMICAL THAT LIMITS REMEDIATION 

Two chemicals (A and B) arc prescnr in ground w t c r  at a me at the same bawhne concentrations. 
Remedlatmn goals were identiriid tor borh A and U Chemical A's goal n 03 ug& which IS asocaated with a 
potential Nk of IO*. Chemical B's goal IS 10 ugL. uhich is also assoaa~cd mth a potentlal rsk 01 IO'. The 
calculated cumulatnrc r s k  ar rcmedration goals is rheretore 2 x lo4. r\swmmg for the purposes of [ha illustration 
that A and B are treated or removed 31 the Sarnc m e .  then the f i t  chemlcal to meet its p a 1  uill be H. 
Remediation must cOnunue at thu site. however, until the goal for chcmual A has been met. When the 
concentration of A reaches 05 ugL, then remediation IS complete. A IS at its goal and has a risk ot IO". B IS at 
1RO of its goal wth a nslc of 5 x lo4 The total rsk ( I x W" + 5 x 10-6) IS apprommately 10" and IS due to the 
presence of A 

7hu example illustrates that the final risk !or a chemical may not be equal io the potentlal nsk associated w t h  
its rerncdratm and, in fact. on be much less than thrs rsk.  Although the potential rsk awcntcd with 
Chemical B's goal IS lo4. the fin1 residual risk JSSOClaied w t h  B IS 5 x l@. Thus, if OM WTC 10 CZIJCUIZI~C the 
curnulatlvc mk at PRGs pnor io remedy implemcntation. one would estimate total medlum nsk of 2 x IO4. howevcr. 
the residual cumulative nsk after rernediaiion is I x lo'" 

-4% 
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SK EQUATIONS FQ U f i  
s 

This appendix presents individual risk 
equations for each exposure pathway presented in 
Chapter 3. These individual risk equations can be 
used and rearranged to derive full risk equations 
required for calclllating risk-based PRGs. 
Depending on the exposure pathways that are of 
concern for a land-use and medium combination, 
different individual risk equations can be combined 
to derive the full equation reflecting the 
cumulative risk for eacb chemical within the 
medium. See Chapter 3 for examples of how 
equations are combined and how they need to be 
rearranged to solve for risk-based PRGs. Note 
that in this appendix. the term HQ is used to refer 
to the risk level associated with noncarcmo_eenic 
effecrs since the equations are for a single 
contaminant in an individual exposure ,pathway. 

The following sections list individual risk 
equations for the ground water. surface water. 3nd 
soil pathways. Risk equations for exposure 
pathwa-ys not listed below can be developed and 
mmbined with those lated. In particular. dermal 
exposure and ingestion of ground water 
contaminated by soil leachate, for which guidance 

is currently being developed by EPA. could be 
included in the overall exposure pathway 
evaluation. 

B.1 GRQUND WATER OR 
SURFACE WATER - 
RESIDENTIAL LAND USE 

Both the ingestion of water and the inhalation 
of volatiles are included in the standard default 
equations in Section 3.1.1. If only one of these 
exposure pathways is of concern 31 3 particular 
site. or if one or both of these pathuays needs to 
be combined with additional pathwag. a site- 
specific equation can be derived. 

The parameten used in the equations 
presented in the remakder of this sr‘ction 3re 
explained in the following text box 

B.k.1 INGESTION 

The cancer risk due 10 ingestion oi 3 
contaminant in water is calculated as iollo~vs: 

PARAMJZTERS FOR SURFACE WATEWCROUND WATER - RESIDENTIAL LAND USE 

Parameter Definition Default Value 

chemical concentration in uac r  ( m a )  
i n h a h o n  cancer slope tactor ((rnykg-day)’i) 
oral uncer slop factor ((mgkgdav)”) 
oral chronrt rererence dose (rnylcgday) 
inhalatm ctnolw rcrercnce dose (mgkg-day) 
adult body weigni (kg) 
averaging umc (yr) 

exposure frequency (diivs/lvr) 
erposure duration (yr )  
voiatihntion factor (urn’) 
daily indoor mhalauon rate (m’/day) 
daitv waier ingalon rate (Uday) 

I 



& & f r o m i n v =  SF. x C x 1R.x EFx ED 
of water (adult) BW x AT x 365 days& 

The noncancer HQ due to ingestion of a 
contaminant in water is calculated as follows: 

HQ due to i n p i o n  = C x I R ,  x EF x ED 
of water (adult 1 R&D,x BWxATx-76Sdayslyr 

B.13 INHALATION OF VOLATILES 

The cancer risk due to inhalation of a volatile 
contaminant in water is calculated as follows: 

Risk from = SF. x C x K x IR x EF x ED 
inhalation BWxATx365days/yr' 
of Mtatlla 
in water 
(adult) 

The noncancer HQ due to inhalation of a volatile 
contaminant in water is calculated as follows 

HQdueto = C x K x I R x E F x E D  
inhalation RfDi x BWxATx365dayslyr 
of volatllcs 
in wrer 
(adult 1 

B.2 SOIL - RESIDENTIAL WID 
USE 

Only the fint exposure pathwav below - 
ingestion of soil - is included in the standard 
default equations in Section 3.1.2 If additional 
exposure pathways. including inhalation ofvolatiles 

and/or inhalation of particulates. are of concern 31 
a particular site, then a site-specific equation can 
be derived 

The parameten used in the equations 
presented in the remainder 0 1  this section 3re 
explained in the texl box below. 

&21 INGESnON OF SOIL 

The cancer risk from ingestion of 
contaminated soil is calculated as follow5: 

Risk from = SF, x C x 10- k-r '1 EF x IF..*d, 
ingaim AT x 365 days/).r 
of soil 

The noncancer HQ from ingestion of 
contaminated soil is calculated as follows: 

HQ from = C x 10- kz/mrx EFx IF 
ingestion 
of sal 

RfD, x AT x -16s da?%+r 

8 2 2  INHALATION OF VOUTILES 

The cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Risk from = SF.xCx ED x EFx IR,x r l / v n  
inhalation 
of volatiles 

AT x BW x -765 dayslyr 

The equation for calculating the noncancer HQ 
from inhalation of volatiles released from soil is: 

PARAMETERS FOR SOIL - RESIDENTIAL LAND USE 

Panmeter Definition Default Value 

- C chm ~ c a l  rrmEtnmtmn in soil (mgkg) 

oral canccr slope factor ((mgky-day)") 
oral chronrc fckrena dose (rnykg&v) 
inhalauon c h m c  reference dose (mykgday) 

i n w t m n  c a m  slope factor ((rnykgday)-') CheITUcal-SpCi fiC 
chemical-spearic 
chemical-speafic 
chemical-specific 

s f, 
SF, 
RrD, 
RrD, 
BW adult t d y  waght (kg) 70 kg 
AT awragrng tune (yr) 70 yr for cancer risk 

30 yr for noncanccr HI (equal 10 ED) 
I 

~ IR, daily indoor inhalation rxe (m':dav) 
1 IF,",,, aspadjusted soil i n p i o n  facror (mg-yr.kgi11y) 114 mg-yr/kg4iy 
, VF sorbtoair volatilization ~actor (m';k;) chemical speciilc (see Sraion 3 j 1 ) 
~ PEF particu~te emlssion factor (m:/kg) 4 G x loy ml.kg (cee Secrion 5.5 2) 

EF exposure frrquency (d3ys/yr) 350 dayslyr 
ED exposure duration (yr) 30 yr 

15 m'Jday 

I 
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HQfrom = C x ~ X E F X ~  x f l m  
inhalation 
of volatlla 

RfDi x BW x AT x 365 cbjs@r 

L1.2.3 INHAIATION OF PARTICULATES 

Cancer risk due  to inhalation of 
contaminated soil particulates is calculated as: 

Rlsk 
rmm 
inhala- 
tion ot 
particulates 

The noncancer HQ from particulate inhalation is 
calculated using this equation: 

= SF x C s ED x EF x IR,. x [I/PEF) 
AT x BW x 365 

HQ from = 
inhalation 

culates 

C x ED x EF x IR,, x (IPEF) 
RfD, x B W  x AT x -36s dayslyr 

of pani- 

B3 S O L  - COMMERCIAL/ 
INDUSTRIAL LAND USE 

AI three of the exposure pathways 
detailed below are  included in the standard default 
equation in Sea ion  3.2.2. I f  only one  or some 
combination of these exposure pathways are of 
concern at a particular site. a site-specific equation 
can be derived. 

The parameters used in the equations 
presented in the remainder or t h a  section a re  
explained in the text box below. 

B3.1 INGESTION OF SOIL 

The cancer risk from ingestion of 
contaminated soil is calculated as follows: 

Risk from = SF- x C x 10" k-&r x EF 'I ED x IR rl 

m F = m  BW x ATx -165 dayyvr 
of soll 

The noncancer HQ from ings t ion  of contaminated 
soil is calculated as follows: 

HQ from = 
ingcswn 
of soil 

C x IÔ  kpmg x EF x ED x IR, 
RfD, x BW x AT x MS dapy 

B.3.2 INHAIATION OF VOLATXLES 

T h e  cancer risk caused by inhalation of 
volatiles released from contaminated soil is: 

Rirlrfram = S F . X C X E D ~ E F ' I I R , S ( I ~  
inhalation 
of wlatrles 

AT s BW s -355 days,yr 

The equation for calculatin_g the noncancer HQ 
from inhalation of volatiles re1-d from soil is: 

HO from 
inhalation 
of VOlatiles 

= C x ED x EF x IR,, x ( I.VR 
RfD, x BW x AT I 365 &iys,yr 

Note that the VF value has been clcvelopcd 
specifically for these equaiions: it ma): nor be 
applicable in other technical contexts. 

PARAMETERS FOR SOIL - COMMERCIAUINDUSTRIAL LAND USE 

Definition Default Value 

chemical conenmiion in soil (mg/k) 
inhalation unccr slope rmor ((m-g,k_rdJv) '1 
oral cancer slopc !actor ((rngkgdav) ' )  

oral chronic rcrcrcnce dasc (m&dav) 
inhalation chronic reference dose (nig:?cgdny) 
adult bcdy weight (kg) 
averaging time (yr) 

exposure frequency (daysm) 
csposure duraiion (yr) 
workd;lv inhaliltion rate (ni'!day) 
soil ingestion rate (mydav) 
soi1-io-w volatilization racior (rn',kg) 
panicu1;ite cinision factor r m'/k;) 

- 
chemical-speafic 
chemical-speak 
chemical-specific 
chemical-speafic 
70 kg 
70 yr for cancer rlsk 
30 yr for noncancu HI (qual io ED) 
250 daysyr 
3 vr 
20 n$/dav 
50 myday 
chemical specific (see Scctioii 3.: 1 )  
4.63 x 10" m'.kg ( x e  Section L3.2) 



B3.3 INHAIATION OF PARTICULATES 

Cancer risk due to inhalation of 
contaminated soil particulates is calculated as: 

Rtsk from , = 
inhalauon 

SF. x C x ED x EF x IR,, x ( 1,'PEF) 
AT x BW x 365 daw 

of parrtculata 

The noncancer HQ from particulate inhalat!on is 
calcx~lated using this equation: 

HQ from = 
in halar ton 

C x ED x EFx IR, I (IIPEF) 
RtD, x BW x AT x .US dawyr 


